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RADIATION STANDARDS, INCLUDING FALLOUT

MONDAY, J“UN134, 1962

U.S. CONWUMS,
SUBCOMMITTEEON RESEARCH,

DEVELOPMENTAND RADIATION,
JOINT COMMITTEEON ATOMIC ENERC+Y,

Wa.dhgton, D.C.
The subcommittee met pursuant to notice at 2 p.m. in room AE-1,

t~~p.Capitol, Hon. Melvin Price (chairman of the subcommittee) pre-
slchng.

Present: Senators Anderson, Dworshak, and Aiken; Representa-
tives Price (chairman), Holifield, Hosmer, and Bates.

Also present: James T. Ramey, executive director; John T. Con-
way, assistant director; David Toll, committee munsel; Kenneth S.
McAlpine, Jack R. Newman and George F. Murphy, Jr., professional
staff members; and Edward J. Bauser, technical adviser, Joint Com-
mittee on Atomic Energy.

Representative Pnrcm. The subcommittee -will be in order.
The Subcommittee on Research, Development and Radiation begins

hearings today on radiation standard% including fallout.
Our subject matter has, of course, great topical interest in light

of the resumption of atmospheric nuclear tests, first by the Soviet
Union and then by the United Statw. The purpose of these hear-
ings is a serious consideration of radiation stan clards, including fall-
out, in order to obtain a better perspective on all aspects of radiation
hazards. Only in this manner can this committee fulfill its obliga-
tion to the Congress and to the American people.

The Joint Committee, historically, has approached these problems
from the standpoint of obtaining better scientific and public under-
standing of these complicated issues. In 1957 and 1959, the com-
mittee helc’i exhaustive hearings on the subject of fallout. ln 1959
we also considered the effects of nuclear war.

In 1960, our hearings centered on the problem of radiation stancl-
arils. In each instance, records were compiled which are regarded
as among the most authoritative collections of views and materials
on this vital subject. I intend that our contribution this year will
be in the same high tradition.

Our objective this year is threefold: First, we will update the
information whit.11m-aspreviously developed on fallout, and radiation
standards. Second, we will attempt to iclentify and clarify the policy
problems nncl organizational responsibilities wssoc.iated with the es-

1

(>.
,,, ....



2 RADIATION STANDARDS,INCLUDING FALLOUT

tablishment and administration of radiation standards. Finally, we
will try to consider, in the most clear and simple terms, the risks in-
volved in manmade radiation.

Amen the specific items we will look into is the role and function
1?of the ederal Radiation Council, a subject left open by our 1960

hearings. In addition, we will try to derive a better understanding
of the responsibilities of other Federal and State organizations in
this field. We will also examine the relationship between govern-
mental a

F
ties and private organizations such as the ICRP and

the NCR .
Fallout from nuclear testing -will be discussed later today and

more extensively tomorrow, June 5. We hope to determine the than es
7which have occurred since our 1959 hearings in regard to wor d-

wide fallout, including current monitoring and surveillance activ-
ities in the United States and organizational responsibilities in this
area.

We will also have the opportunity to review new findings in the
field of- genetics, revealed by a recent report of the Federal Radiation
Council.

The general format of our hearings has been described in an out-
line distributed in advance of the hearings. I believe we hav? called
upon some of the best scientists in this country to discuss this vital
subject. It is my hope that through their statements, a better under-
standing will be brought about on a subject which has been plagued by
confusion and misapprehension.

Our task is a considerable one and I ask that all witnesses keep their
oral presentations within the allotted time. More detailed statements
will, of course, be accepted for the record of the hearings,

I should also like to observe that the occasion of these hearings has
brought a considerable “fallout” of reports from the executive branch.
Thus, there is the report by the Federal Radiation Council, entitled
“H~alth Implications of Fallout From Nuclear Weapons Testing
Throu h 1961/’ which -wasreleased last Saturday, June 2. In fairness

5I shou d point out that the Chairman of the Federal Radiation
Council, Secretary Rilicoffj offerecl to release this report at the begin-
nin of these hearings, but Chairman Holifield and I believed it would

fbe esirable to get the report to our witnesses and the public before our
hearings startecl so that it could be discussed more intelligently.

We also have the printed version of the AEC seminars last fall,
and we understand that the National Acaclemy of Sciences also has a
report coming out sometime this summer. .4s usual, we also u:cler-
stand that one report is being withheld-the report by the Nat Ions]
.4dvisory Committee on Radla.tion, called the NACOR report, to the
Surgeon General on surveillance and detection.

I am pleased to have as our first witness Dr. G. Hoyt Whipp!e of
the Unive.rsit y of Michigan. He vi-ill be followed by Dr. I.aurlston
Taylor of the ~ationa,l 13urezu of Stan[lxrcls and Dr. &~arles Ihlnl]am
of the U.S. Atomic F.ner=w Commission.

Dr. Whipp]e, will -you commence yollr presentation.
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STATRMENT OF G, HOYT WHIPPLE,l PROFESSOR OF RAXMOL4)GICAL
HEALTH, SCHOOLOF PUBLIC HEALTH, UIUIV’ERSITY OF MICHIGAN

Dr. WHIPPLE. Mr. Price, it is a pleasure for me to appear before you
again in the role of a college professor. of the many topics you will
conside~, the one assigned to me is perhaps the only one where opinion
and sub-jective judgment play no part. In saying this I do not wish to
give the impression that college people have no opinions, or do not
indulge in subjective judgment” we are as competent in these regards

ias most, but my assignment prec udes these liberties today.
In the belief that greater clarity will result, I have inverted the

orcler of the subjects in the schedule f or the roposwl hearings. I shall
Fspeak first of the types of radiation then o the units of measurement,

and finally of the sources of human exposure.
Types of radiation and their definition: For the resent purposes of

1?this subwmmittee only four types of ionizing ra iation need be dis-
cussed: alpha particlw., beta particles, gamma rays, and X-rays. The
table included with this statement summarizes some of the character-
istics of theee radiations.

(The table referred to follows:)

characteristics of the principal types of radtitwna

Chamcteristic

sources. . ..-. .-_-- .. . .

Mamas_.. _. . . .._..._.
Electricalcharge-.- . . . .
Ve:#ci~)(in milesper

T~p~al)ekergies(in

Typical~anges:
Inau. . . . . . . . . . . . . .
In tissue. . . . . . . . . . .

Half-valuelayer:4
In tissue. . . . ..--...
In lead.-- . . . ..--...

a particles 8 particles -vrays X-ray-s
I t I

u-emittiig radio- &smittingracfb Many &cmitting X-ray machines,
ectiveisotopes, activeisatopes, radioactiveisO-
e.g. Pun*. topes,e.g. C@.

4 a,m.u.l..-------- l/% %k.L----- o------------------ 0,
+Te 2-------------- –le 2-------------- o------------------ 0.
4,306(1 mev s)..-.. 175,000(1 mev *)..- 186,000(allener- 1S6,M!0(allener.

gies). gies).
4 b 8-------------- 0.1to2----------- 0.1to 5________ 0.01to 1,

5mev: 1 mev:
1.4inches----- 10.5feet._.._ --------------------
0.0014inch---- 0.16[rich ------ --------------------

1 mev: 0.1mev:
------- -------- .-. . . .. ----- . ------ ----- 4 inches.-..-.. 1.6inches.
------- -------- ---- . . . . . . ..- ------- . . . . 0.3inch------- 0.004inch.

I A.m.u. is atomicmassunit audequals1.7x 10–Z~gram.
2e is the chargeon theelectron,
3Mev is millionelectronvolts snd equals1.6x 10-8ergs.
*The half-valuelayeris thatthicknesswhichreducestheintensityof theradiationto halfits initialvalue.

Dr. WHIPPLE. (a,) Alpha particles: Alpha particles, as a result of
their relatively large mass and of their double electric charge, lose
energy rapiclly in passing through matter and as a consequence go
only very short distances. To illustrate: a 5-million electron volt
alpha particle has a velocity of about 10,000 miles per second and is
stopped completely by an inch or two of air, or by I or 2 mills of living

1Biographical data : Name: Whlpple, G. Hoyt,
1917

Born : San Francisco, Calif., May 4,
-. -.,

Education : Pnblic echools : Rochester, h’ew York. College: 1. Wesleyan University,
1935–39, B.S. in chemistry ; 2. NIassachusetts Institute of Technology Gradunte School,
1939-42, no degree; 3. University of Rochester Gradnate School, 1950-53, Ph. D. in
bionhvsics.

Ex~erience : MIT Division of Industrial Cooperation : 1942-..47. Loran, radar, food
dehydration. aerial bomb fnses, etc., Government-sponsoder research. General Electric
Co.. Hanford works. Ricbland, Wash, : 1947–50. Research and development on health
I]hysics problems nnd instruments. University of Rochester atomic energy project: l!450–
57. Teachin~ in health physics and rese~rch in biophysics. The University of Michigan
School Of P“blie Health, ~n~ ArbOr, Mi~h : September 1957 tO present. Teaching and ~e.
se:~rch; professor of radiological health,
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tissue before losing all its energy and coming to rest as an ordinary
atom of helium.

These characteristics lead to the conclusion that any radioactive ma-
terials such as plutonium 239 and uranium 238 which emit only alpha
particles are of no biological consequence as long as they remain out-
side the body. The inert outer surface of the skin, which protects us
from many environmental agents, is thick enough to stop completely
the most energetic alpha particles you will encounter in your present
deliberations. Alpha particles emitted inside the body are another
matter and appear to produce more biological injury per unit energy
absorbed than do the other radiations. This is a matter we shall con-
sider when the rem. unit is discussed.

(b) Beta particles: Beta particles are simply hi@-spead electrons.
They are familiar as the a

r
t which traces the picture on the tele-

vision tube. As a result o their relatively small mass and of their
single charge, beta particles lW energy much less rapidly in passing
through matter than do alpha particles and as a consequence have
much greater ran% as the table shows.

To illustrate: a l-million electron volt beta particle has a velocity
nearly that of light and is stopped completely by about 10 feet of air,
or by about three-sixteenth inch of tissue before coming to rest as an
ordinary electron.

These characteristics mean that beta particles with energies greater
than about 0.1 million electron volts can penetrate the inert layer of
the skin and can therefore reach living tissue even when the beta source
is outside the body. Beta particles emitted by radioactive materials
inside the body will, like alpha particles, dehver all their energy to
living tissue.

(c) Gamma rays and X-rays: Except for the fact that, y-rays
(gamma) are produced inside the atomic nucleus? with one or a few
discrete energies, while X-rays are producecl outside the nucleus LLsu-
ally with a broad spectrum of energies, these two radiations are much
the same. Like visible light, they have no mass or charge and travel
with the speed of li ht. Unlike alpha and beta particles, X- and y-

firays do not have de nite ranges in matter. A thickness of material,
known as the half-value layer, will reduce the intensity of y-rays to
half their initial value; two half-value layers will reduce the intensity
to one-fourth of the initial intensity; three such thicknesses to one-
eighth, and so forth. One can reduce the intensity to any value he
wlshe.s with sufficient shielding, but in principle can never reduce it
to zero, reminiscent of Zeno’s paradoxical arrow which never quite
reaches the target.

Because of their high penetrating power, X- and y-radiation of all
but the lowest energies can reach living tissue even when the source is
a considerable distance away.

3. UNITS OF MEASUREMENT

The units of measurement pertinent to yoLIrpresent cle]iberations are
the curip, the roentgen, the rad, and the rem. I shall discuss each of
these briefly.

(a) Curie: The curie is clefinecl as tlmt amount of any rzcliofictive
material in which nuclear disintegrzt ions occur at the rate of 37 bi 1-
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lion per second (3.7X 10 ‘“disintegrations per second). Note that the
curie tells nothing about the mass of material involved. To illus-
trate: 1 curie of urtmium 238 weighs about 3 tons while 1 curie of
strontium 90 weighs less than one-thousandth of an ounce.

A homely analogy may help to understand what the strength of a
radioactive source in curies tells about the source. When a pan of
popcorn has been heated and begins to pop fairly steadily, one could
count the number of pops per second and thus determine the rate at
which the kernels of corn are disintegrating: The rate of

r
pping

corresponds to the amount of radioactivity y m curies, and oes not
alone tell anything about how many ounces of unpopped corn there
may be in the pan at the moment.

Multiples of the curie are used for convenience, such as the milli-
curie, the microcurie, and so forth. Concentrations of radioactive
materials in air, water, and other materials are expressed in such
units as microcuries per milliliter and microcuries per gram.

Representative PRICE. Dr. Whipple, Mr. Ramey has a question he
wants to ask.

Mr. RAMEY. Could you define a little further what a millicurie is and
a microcurie ?

Dr. WHIPPLE. A curie is 37 billion disintegrations per second, and a
millicurie is one-thousandth of this.

Mr. RAMEY. That is what always got me mixed u because yOLIwould
Ithink that millicurie is a million and it is a thousan .

Dr. WHIPPm. I think this is faithful to the original Greek that 1
mini means 1,000; micro means 1 million.

Mr. RAMEY. I didn’t take Greek.
Dr. WHIPPLE. I didn’t take Greek either.
Mr. RAMEY. ‘lhen what is a micro-micro curie ?
Dr. WHIPPLE. A rnicro-rnicrocurie WOU]d be a mi]lionth of a mil-

lionth of a curie.
Mr. RAMEY. And we use that term quite a bit in our measurement

units. So it is a very small amount of rndiation we are talking about.
Dr. WHIPPLE. Exceedingly small.
Senator ANDERSON.You have me off on another subject. I wonder

if the rate of the disintegrations of popcorn had anything to do -with
how much butter is in it.

Dr. WHIPPLE. I am afraid I have to stop my analogy on the
popping.

(b) The roentgen: The oldest unit of radiation close is the roentgen.
It is defined in terms of the amount of ionization produced in a given
volume of air by X or y radiation. Strictly speakin the roentgen
cannot be used to express the dose of a or /3 particles. % he full prac-
tical and theoretical implications of the roentgen tire not easily
grasped, at least by our graduate students, so I shall give only a simple
c~escription of what the roentgen tel]s Ll~,knowing that if I misrepre-
sent it in any serious way, Dr. Taylor w-111set you, me, and the record. .
straight.

Here again a simple analoagy will prove helpful. When a physician
prescribes a dose of some drug, say 10 grains of aspirin, he specifies
the dose to be taken by his patient. .4” fraction of the dose will be
absorbed by the bod~ and the remainder ~~ill be excreted. Only that
fraction ab”sorbed h& any effect on the patient. The physician, know-
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in the fraction of the drug that will be absorbed, can specify the dose
to %e taken which will result in the amount in the body of the patient
to produce the desired effect. You see that two kinds of doses are
involved here: the dose received by the patient, and the dose actually
absorbed by the patient, For convenience, the physician ~rescribes the
dose to be received, although it is the dose absorbed that M im ortant.

The situation mth radiation is similar to that with drugs. 8 ne can
and frequently does measure the radiation dose to which a person is
exposed. The roentgen is such a unit of exposure dose. Here, as in
my analogy the interest is in the amount of the dose absorbed in the
person’s bo~y. With sufficient knowled e of the radiation, one can

fcalculate or estimate the absorbed dose o radiation in various tissues
from the exposure dose.

(c) The rad: The rad is the unit in which absorbed doses of any
kind of radiation are expressed. In most situations thee osure of a

?person to 1 roentgen of x or y radiation produces an absor ed dose of
about 1 rad.

(G?) The rem: For reasons not clear] understood, smaller absorbed
Tdoses of some radiations, e.g., ~ partic es are requmed to produce the

same biological effect as a given absorbed dose of X-rays. In radia-
tion protection as in pharmacolo

F
the important thing is not the

exposure dose, or even the absor eh dose, but the effect produced.
This and the fact that different types of radiations appear to have
quite different biologioa.1 effectiveness have given rise to the unit of
radiation dose, the rem, defined as that dose of any radiation which
produces the same biological effect as 1 rad of X-rays.

Senator ANDERSON.When you mention the X-ray, could you express
some of these in terms of an ordinary X-ray that a person would have
when he had a lung picture made by an X-ray or something of that
nature !

Could you tell us how many reins that would be’?
Dr. WHIPPLE. I believe a representative figure for good practice in

radiology is that a 14 by 17 chest X-ray involves an exposure to the
patient of about five-tenths’ of a rem. since the roentgen is about
equal to one rad, and the bilogical effectiveness of X-rays is the rei?er-
ence+n other -words, relative to X-rays—then the exposure to the
patient’s chest will be about five-tenths of a rem.

Senator ANDERSON.Does that continue with each X-ray ? Suppos-
ing the patient ]s having a chest ~X-ray once a month; is this
repetitive t

Ilr. T37H1PPLE.yes, certainly to a first approximation of our uncler-
standing. I am not sure whether yo~~are going to get recovery from
this. In other words, if yot~ go the other clh’ection and say instead
of giving him one a month for 20 years I give him the same exposure
all on the same clay, then the biological effectiveness of a large dose
in a short time is much greater than that from the same dose spread
over months or years. Is that the point?

senator &DERSON. No. I went out to the Southwest for tubercu-
10s1streatment and had an X-ray picture of my chest once a month for
5 years. People worry about what is going to happen when these
tests are made in the Pacific area. Am I going to get more radiation
from the high altitl~cle test that is ,going to be made or that was made

.,:,,, 0,,

.. >,,

I .4 better estimate for modern practice is fire-hundredths (0.05) of a rem
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today or tomorrow or sometime than I got by my 5 years of X-rays t
That is what I wanted to deduce. I guess each person figures the
same way. They have various types of X-rays made. I am wondering
relatively whether it is a whole lot worse to be expwwd tn the fallout
radiation from a series of tests than it is to go in and have a chest
X-ray made every month for 5 years. Is there any way we can
measure the relative haza,rd ?

Dr. WHIPPm. Yes.
Senator ANDERSON.I won’t ask you to do it now. Will you give

it to us sometime?
Dr. WHmPLE. I can answer in the case you have given.
One chest X-ray a month for 5 years, it would seem to me by

all estimates that I have heard of, would involve a ~great deal more
exposure than we anticipate from fallout. There is one slight differ-
ence that you must recognize, and that is the chest X-rays you speak
of involve exposure only to the chest, if it is properly done, and very
little to the rest of the body. Whereas, with fallout, some of that
material concentrates in one organ or another but it involves more
nearly the whole body than does a chest X-ray.

Senator ANDERSON. I appreciate that answer. I think it is helpful.
All I am trying to find out for my own satisfaction i~, since I got, say,
30 roentgens by this 5-year period, do I get enough m this next series
of tests or in this series of tests so that I should go around with my
head bowecl down and worry about it, or can I continue to live as I
have lived 45 years since my time in the hospital.

Dr. WHIPPLE. I am not, sir, a prophet and prophecies are involved.
My confident prediction is that the dose you will receive in the next
few years from the fallout will be a very small fraction of what you
received in that 5 years of medical examination.

Senator ANDERSON. Since I left the University of Michigan to go
out in that part of the world, I appreciate that answer.

Chairman HOLIFIELD. 1 would like to carry that down a little bit
further. We talked about 5 years once a month. That is 60 exposures ‘
of, I believe, you said five-tenths of a roentgen each. That would be
30 roentgens exposure. What is the estimated increase in the back-
ground radiation due to testing annually?

Dr. WHIPPLE. I am sure you are going to have witnesses before you
that are better qualified to estimate the future conditions of fallout.

Chairman HOLIFIELD.I am talking about the increase annually in
background radiation caused by testing over normal radiation—the
average increase—from tests held to date.

Dr. WHIPPLE. From tests held to date?
Chairman HOLIFIELD.Yes.
Dr. WHIPPLE. According to every estimate that I have seen and our

own work the increase is a few percent of the pr~nt natural back-
~qound. ln other words, if you take as a national average, as I have
in my statement, one-tenth of a rem per year from natural sources of
radiation, most of the data taken on a nationwide basis that I know
of indicate that there may be a few hml(lredths of a rem per year as
result from fallout.

Chairman HOLIFIELD. In other words, it is generally concedecl that,
normal background radiation to which most people are exposed would
amount to about 7 roentgens in a 70-year lifetime, is that right?
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Dr. WHIPPLE. That is ri ht; yes, sir.
Chairman HOLIFIELD.8 herefore, when we are talking about 30

roentgens from X-ray tests that Senator Anderson had, we are talking
about an exposure in 5 years from chest X-rays which would be about
four times or a little over four times as much as you would be exposed
to normal background radiation over a period of 70 years.

Dr. WHIPPLE. With the difference that the chest X-rays do not in-
volve the total body.

Chairman HOLIFIELQ.That is true. But also with the additional
difference that the chest X-rays are stronger and are more concen-
trated than the natural background radiation in point of power and
in point of time.

Dr. WHIPPLE. That is correct.
Chairman HOLIFIELD.For absorption.
Dr. WHIPPm. That is correct.
Chairman HOLIFIELD.And in point of regeneration of the normal

%
re eneration of bod tissue which may or may not be harmed.

ir. WHIPPLE. I t ink we ar~
Chairman HOLIFIELD.This goes to the point that you made, that a

dose of radiation received in one jolt, you might say, is more damag-
in to the body than if it is received in portions over a number of years.

% r. WHmPLE. As a general statement this was true. Whether tak-
ing this half of a roentgen exposure that Mr. Anderson spoke of in 1
minute in a month or spread it uniformly over the month, I don’t be-
lieve we have biological data to show that that rate change makes
much difference. If it has a difference it is in the direction that I
spoke of.

Representative PRICE. Proceed, Doctor.
Dr. WHIPPLE. I was speaking of the rem. It is not a precise unit

like the kilogram or the rad because the biological response to a given
absorbed dose or radiation, like the response to a given dose of some
drug, varies with a number of factors, physic+ chemical? and biologi-
cal. Even though it is not precise, the rem 1S a practical necessity
if one is to evaluate the significance of the total radiation exposure
received by an individual when this exposure will in general consist of
the several types of radiation described at the beginning of this
statement.

4. PRINCIPAL SOURCES OF EXPOSURE TO HUMAN POPULATIONS

Human populations are exposed to four principal radiation sources:
naturally occurring sources, manmade environmental sources, occu-
pational sources, and medical and dental sources. Each of these has
quite different scientific, moral, and legal characteristics, as I shall
attempt to show.

(a) Naturally occurring sources: The naturally occurring radiation
sources to which humans are exposed consist of cosmic radiation
from outer space and the radiations from natural radioactive ma-
terials, such as uranium, radium, and potassium 40, in soil, water,
air, building materials, and in the human body itself. On the average,
natural radiation exposure amounts to about 0.1 rem per year, al-
though levels five times as great are not unknown.

One can reduce his exposure from natural sources somewhat by
living in a tent along the seacoast rather than in a granite house in
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the mountains, but he cannot eliminate it entirely. It is an inter-
esting, but unanswered question whether man has evolved to his

!/
resent state because of or in spite of natural radiation exposure.
n any event, man has lived with this level of radiation exposure from

the be ‘nning of time and it is hard for me to see how standards
Tor regu ations can be applied to it.

(6) Manmade environmental sources: Among the manmade environ-
mental sources are the various radioactive wastes released into the
atmosphere, surf ace waters! and the ground by the nuclear industries
and users of radioactive Isotopes, the stray radiations from such
installations, and fallout from nuclear detonations. All of these have
been thoroughly discussed before this committee and the rinted hear-
in

F
!which resulted probably constitute the most comp ete body of

in ormation available on these subjects. There are only a few points
about these sources of radiation exposure which I should hke to
emphasize.

The first point is that, like the natural sources of radiation ex-
posure, there is not much the individual can do about exposure from
manmade environmental sources. He can move away from nuclear
facilities and hospitals and he can move to the Southern Hemisphere
to escape some fallout.

The second point is that the release of radioactive wastes and of
stray radiation into the environment is in most instances strictly
regulated by law, while fallout from nuclear detonations is, of course,
unregulated in any legal sense. One wonders what the regulatory
agencies would do if a nuclear plant were to produce levels of en-
vironmental radioactivity similar to those produced by nuclear deto-
nations in the last 4 years.

The final point I wish to make is that the human exposure from
manmade environmental sources is, by all estimates I know of, only
a few percent of the exposure from natural sources. There are a few
exceptions to this general statement, as in the case of the unfor-
tunate fallout in the Marshall Islands, but the overall record is sur-
prisingly good.

(c) (kcm~ational sources: There are today many occupations which
involve radiation ex~osure. The nuclear industries come first to
mind, but radiography (medical, dental, and industrial ) probably
exposes more workers to more radiation than do the nuclear indus-
tries. When an individual accepts employment in one of the radiation
industries, he knowingly accepts, as one of the conditions of this em-
ployment, radiation exposure in addition to that he receives from other
sources. Unlike the exposure to natural and manmade environmental
radiation, occupational radiation exposure is accepted knowingly and
voluntary.

Standards for occupational radiation exposure have been evolved
and agreed upon by several national and international committees, in-
cluding the International Commission on Radiological Protection and
our own National Committee on Radiation Protection and Measure-
ments. The present basic standard for occupational exposure is 5
rem per year. This recommended standard has been given the force
of law in the regulations of the Atomic Energy Commission and in
many State rebmlations. It is proper to note that only rarely does a
rzdiation worker receive a dose of 5 rem in a year and that the average
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annual exposure, at least in the nuclear industry, is considerably less
than 5 rem.

From the standpoint of opulation genetics it is not the dose to
f’the individual, but the tota dose to the entire population before the

end of the reproductive years that is important. On this basi~ occupa-
tional radiation exposure contributes only a vanishingly small fraction
to the total genetically significant exposure. The doses received by
radiation workers may be as much as 10 times those received from
environmental sources, but radiation workers constitute such a small
fraction of the whole population that the effect on population genetics
is very small indeed.

(d) Medical and dental sources: The radiation exposure received
by patients under oing medical and dental diagnosis and therapy is

%to be distinguish from that received by the physicians, nurses, and
technicians who administer to the patients. The latter type of exposure
is properly classed as occupational and has already been discussed.
The exposure received by the patient is quite different, as I shall now
show.

Medical and dental exposures seldom involve the whole body. They
are almost always restricted to a small portion of the body, and in par-
ticular the reproductive organs are spared whenever possible. Like
occupational exposure, medical and dental exposure is accepted @ow-
in ly and willingly by the person ex osed to obtain information or

$e ects necessary for good health. 8 onsiderable progress has been
made in recent years m achieving these ends with smaller exposures
to the patient. The standards recommended by the hTational Com-
mittee on Radiation Protection have played a large part in this
pro W.

f ost estimates of the population exposure to medical and dental
sources of radiation indicate that the average from these sources is
about equal to that from natural sources. Thus medical and den:al
exposure is one of the two major contributors to the total population
exposure.

Although I feel that good standards for the medical and dental
application of radiation and radioactive isotopes should be established
and encouraged as widely as possible, I cannot see how these applica-
tions can be made the subject of legal readations in the way that
occupational exposures are regulated.

This concludes my statement. I hope that it may prove of some
value to you in the decisions you are called upon to make.

Representative PRICE. Thank you, Dr. Whip le.
e%Doctor, on page 8 you state that man can r uce his exposure froln

natural sources by living in a tent on a seacoast. How much would
this reduce his normal exposure ?

Dr. WHIPPLE. I suppose it might reduce it 10720 percent, perhaps
to as low as three-quarters of what I have given as the national
average. The fellow living in the granite house on the mountains
ma-y have five times the national average.

Representative PRICE. You also state on that page that there is
not much the individual can do about exposure from manmacle en-
vironmental sources. TVhat S11OUICIthe individual do: insteacl of nlov-
ing way, as a practical view?

Dr. IVHIPPLE. In the practical vie~~y,in my view of the practical
matter, I can see no reason for trying to influence it.

,,’
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Representative PRICE. Doctor, there is not mucl~ you can do about
it,f

‘Dr. WHWPm. I don’t think it is important enough to do anything
about it.

Representative PRICE. On page?, in your comparison between fall-
out and nuclear plants, are you unplying that fallout exceeds the
limits set by regulations on nuclear plants?

Dr. WHIPPLE. No; I am not implying that. TO my knowledge, in
the strict legal sense of the term, I can think of no case where this
has been true. My point in mentioning this is that the nuclear plant
levels have actually been so very low that I think that we would
be quite excited if we found that levels from such a plant were ap-
proaching level’s we have seen from fallout.

Representative PRICE. What industries were yoL~ specifically re-
ferring to -when you stated that the individual accepts knowingly and
willingly radiation hazards when he goes to work?

Dr. WHIPPLE. Work in atomic enerbgy plants, work in mdiation
clinics, isotope clinics; is this what you mean?

Representative PRICE. Yes. Is there anything outsicle of your
Atomic Energy Commission facilities or other private industries
where ho is exposed to these radiation hazards!

Dr. WHIPPLE. Yes; there are many.
Representative PmcE. What were you thinking about. Were you

thinking of private industry, also?
Dr. WHIPPLE. Yes; I was thinking first of the medical and dental

practice of radiology, the physicians and nurses ancl so forth. These
are radiation occupations. The industrial radiographers, the people
who take pictures of welds and castil~gs. The industries that work
with radioactive isotopes, for example, in the preparation of self-
luminous sourcw such as radium dials, wristwatches, industrial
gages, beta gages, thickness, ancl level gages. There is quite a list
of radiation industries outside of the .4tomic Energy Commission.

Representative PRICE. In your colloqLly, I think with both Senator
Anderson and Mr. Holifield, at least partially, you have answered
my next question, but I would like to reask it.

on page 11 you state that medical ant] clental exposure is one of
the two major contributors to the total population ex osure. How

!does this amount compare to what we receive from allout on the
average 1

Dr. WHmPLE. The round numbers, ancl I am sorry I cannot quote
an exact source—perhaps Dr. Taylor c~n remember where I am get-
ting these numbers-is a tenth of a rem from natural sources. The
estimate, and you can realize it is only an estimate, to the total popu-
lation from medical and dents] practice, another tenth of a rem per
year; and something like three-thousandths of a rem per year from
fallout during the last few years per year.

Representative PRICE. Mr. Holifield.
Chairman HOLIFIELD.No questions.
Representative PRICE. Mr. Hosmer ?
Represent ative HOSMER. No questions.
Senator ANDERSON.I like the statement very much.
Representative PRICE. Mr. Bates ?
Representative BATES. No questions.

8G~53--62-pi. l—---2

...t..\>:
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Representative PRICE. Senator Aiken ?
Senator AIKEN. I have one question.
A few ears ago our attention was called to certain Indian groups

that had L n hvmg on certain coastal areas, I think on the monazite
sands, for centuries, constantly exposed to something like 20 times
what was considered to be the normal safe exposure to radiation. At
that time we were told that there would be a study made of this
situation. Has there been any study made and what was found as a
reason for these people livin for generations under what would nor-

Freally-or what was then ca led unsafe conditions? Somebody must
havimade a study of that.

Representative PRIOE. I think Dr. Dunham is in “the audience. I
think they had something to do with this matter at one time.

Could you reply to that question?
Dr. DUNHAM. I will attempt to. Two thin s have happened.

%One, the Indian Government has made a study of t e actual exposures
to the population living there. There was a meeting held by WHO
to discuss this particular problem, particularly from the standpoint
of possible enetic effects, pointing out the problems involved in mak-

fing tihe stu y. You have a finite population. It is in an area which
is not highly developed though it 1s near a first-rate medical school.

I do not think, to answer the question specifically, that the study has
been made at the present time.

Senator AIKEN. But the situation still remains?
Dr. DUNHAM. Still remains.
Senator AIKEN, The results of the study would be interesting, it

seems to me.
Dr. DUNH.4M. Yes; I would like very much to see this study done.
Chamman HOLI-LD. Mr. Chairman, I would like to clear up one

~omt with Dr. Dunham. The people that live on the monazite
~auds, their ex osure was a certaifi nfimber of times greater or a cer-

ftain number o degrees
~

rester than the normal exposure of people
throughout the world. ut it had nothing to do with safe or unsafe.
Senator Aiken used the words “20 times the safe amount.” I think
that the words “the normal amount of background radiation” should
have been used.

Dr. DUNHAM. That is correct.
C?hairman HOLIFIELD.I am not saying that the exposure from the

monazite sands was safe or unsafe, but the comparison was as against
]~ormal exposure from an average normal background radiation
throughout the world.

Dr. DUNHAM. That is right.
Senator ANDERSON.Could you tell us wh nobody followed up the

Jstudy. It was said that it was going to be one 3 years ago.
Dr. Du~HA~. I hear rumors from time to time that it may get

accomplished. There are problems.
Chamman HOLIFIELD.Who is oing to do it ?

iDr. DUN~AiW It is a little of oth involved. I think many peo le
Jwould like to see it done. It is not an easy situation in that partic ar

province.
Senator AIKEN. I think a better question than “Who is going to do

it!” is “who is keeping it f rom being done?”

::::
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Dr. DUNHAW I think Dr. Hasterlick, who will testify tomorrow or
the next day, has visited there and he can give YOU a bet~r feel Of
some of the roblems.

Senator 1 NDERSO~.Would this not be an important point to
clear u ?

8Dr. UNHAM. I think so.
Senator Ammnscm. If it is 20 times what might be regarded as

normal ex~osure% would not that tell us something about the dangers
from fall&t’# ‘

.

Dr. DDNHAM. I think it would be very hel frd.
fSenator ANDERSON.Then wh cannot we o it ?

1Representative hum. I thin maybe that is a question we can put
to the Commission in some official form.

Senator ANDERSON.Dr. Dunham is here. Is there somebody in the
Commission that does not want it done?

Dr. DUNHAM. No; there is no one in the Atomic Energy Commis-
sion that doesn’t want it done.

Senator ANDERSON.It seems~o me if we can spend $5 million e~ery
other day on one of the explomons that comes to nothing, ou might

zspend a few thousand dollars in finding out somethmg t at people
are interested in.

Dr. DUNHAM. I agre.a.
Representative PRIOE. We will take this up with the Commission.
Thank you very much, Mr. Whipple. The committee appreciates

having your testimon .
(Letter from AE 6 concerning monazite sands region follows:)

U.S. ATOMICEiVESOYCOhfMIBSIOti,
Wa8h6ngton, D. C., June 28, 1962.

Hon. MELVIN PBICE,
Cha4rman, Subcommittee on Research, Development, and Radiation, Joint

Committee on Atomic Energg, Oongrew of the United 17tatea.
DmmMu.PRICE:During discussionbefore your subcommitteeon June 4, ques-

tions were raised concerning the role of the Commission in investigating the
populations living on the thorium-bearingmonazite sands of Kerala in southwest
India.

As stated in the testimony, the United States has frequently called attention
to the potential value of studying these populations. The sands have been used
as a source of thorium for many years, and their significance radiobiologlcally
was noted at the 1965Atoms for Peace Conference. Dr. Shields Warren of the
U.S. delegation to the U.N. Scientific Committee on the Effects of Atomic
Radiation, offered the Indian delegation every assistance on behalf of the U.S.
Atomic Energy Commissionas early as 1%57. There was additional recognition
of the importance of studying these populations during the 1958 Atoms for
Peace Conference, and at the twice-yearly meetin~ of the United Nations Sci-
entific Committee on the Effects of Atomic Radiation (UNSC13AR); also, the
World Health Organization convened a special conference on “Invest@ation of
Areas of High Natural Radiation” (1959), but the impetus from it was small.
The latest report of UNSCEAR, which will be published in September, wilI
have only a few additional data on the Karala area. There are always many
dirncultpractical problems involved in the scientific study of such populations.
The Indian (government is, of course, in the best position to evaluate these
factors as they relate to the Karala region.

If we can provide additional information,pleaselet meknow.
Sincerely yours,

A. R. LUEOECKE,GeneralMonugcr.
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Representative PRICE. The next witness will be Dr. Lauriston
Taylor, Chief of the Radiation Division, National Bureau of Stand-
ards.

Dr. Taylor, the committee is happy to have you back again. You
may proceed with your presentation.

STATEMENT OF LAURISTON S. l!AYLOR,’ RADIATION PHYSICS DIVI-
SION, NATIONAL BUREAU OF STANDARDS

Dr. TAYLOR. Mr. pric~ I appreciate the privilege of meeting again
with your committee. I am going to deal in my discussion with two of
the three items listed in the outline, namely, the purpose of standards
and some of their biological effects and their meaning to laymen. I
would like to delay until further in the hearinq discussion of the
~moups that are dealing with these questions, if this is agreeable with
you.

Representative PRICE. That will be all right.
Dr. TAYLOR. Standards in the area of radiation protection, as in

many other areas of hygiene, have as a principal purpose the formula-
tions, first, of a philosophy—and then rules-designed to eliminate or
minimize the chance of injury by radiation. Prevention of in juq to
man himself-or to his descendants---appears to be the most ~ressmg
problem, and indeed it is the problem that is of most immechate con-
cern to the public. But while I do not wish to dwell on the subject,
injury to lower forms of animal life and damage to our ecology are
two elements that must not be overlooked. While probably occurring
only under conditions of hea~ and widespread radioactive contamina-
tion of our environment, the redirect long-range effects on man could
be serious and the possibility of such occurrence should not be com-
pletely overhmked.

The fact that radiation protection standards could not be neat,
clean-cut niceties was brought out in the 1959 fallout hearings but
only received detailed attention in the 1960 hearings. At least your
committee—if not the general public—now has an a preciation of this
aspect of radiation protection. EThe part played y social and eco-
nomic factors is recognized though little understood in any quantita-
tive sense even by the various groups of specialists who have spent
many years or even lifetimes studying radiation hazard problems.

Since 1960 the matter of the social impact of radioactive exposure
has been one of the rincipal preoccupations of most protection groups

%and I add, one wit which we have not really been able to come to
grips. I will expand on this later.

Let me turn to the question of new advances in the field of radia-
tion protection. When one realizes that radiation protection oups

rhave struggled with their problems for some 35 years without ndlng
any clear-cut answers? it should not be surprising that they cannot
report now any sta,rtllng new basic information that will materially

1Biographical material : Lauriston S. Taylor, National Bureau of Standards : Has been
a member of the National Bureau of Standards since 1927, with the exception of a 3-year
period during World War II, when he was in char e of Operations Research for the 9th

8Air Force in Europe and for a l-year period in 195 when he was Chief of the Biophysics
Branch of the Atomic Energy Commission. Presently Chief, Radiation Physics Division,
at NBS ; Chairman, International Commission On Radiolo ical Units and Measurements ;

%member, International Commission on Radiological Protec ]on ; Chairman, Natlonml Com-
mittee on Radiation Protection and Measurements ; Chairman, National Academy of
Sciences Advisors’ Committee on Civil Defense : member. U.S. Public Health Service
X’ationnl .idvisory Committee on Radiation,
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alter the situation of the past few years. This is true in spite of the
fact that the level of research effort in this area has been steadily
increasing over the ast decade.

YSome operationa improvements have been introduced, some few
numbers have been changed and some improvements have been made
that recognize the past apparent confusion in the relationships between
occupational and nonoccupational ex osure to radiation.

!I say ap arent confusion, because do not bdieve that the major
L
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tween these two major groups of exposed persons. However, it has L ‘“:’ ‘” “’:~~”’” ““’ , ,
,.. ,,,:, “.:!.;;i~[~:::~! ‘:’’’’” “

been evident that they failed to give proper emphasis to these dis-
tinctions in their pubhc vvritings. This omission is being rectified, we
ho e.

B art of the reason for the slowness of distinguishing between popu-
lation and radiation worker groups lies in the fact that it has only
been in the past few years that the entire population has had to face
the possibility of widespread radiation exposure, as for example from
fallout. Wlule not devastating, or even serious, in its potential harm ,,, ,,*+3*. . . . . ..~.v, . ...,., .,.
at present level:, it cannot be regarded as unim ortant, since it does

wwl@&sw;/w$Ww~,.: ::, .),,’.-,~\$:~:;;T::;;,.~::\:::,:!j:::fief;,.;.

Cfnot carry with It the direct benefits of say, me ical X-rays.
I will mention briefly a few of the factors that have been developed

in the past 2 or 3 years-the list is not intended to be complete as I
am SUm that others will bring out additional points. The Federal
Radiation Council has introduced a new term to lend em hasis to the

flong-recognized fact that radiation protection standar s cannot be
specified rigidly as “go, no go” limits above which there is risk and
below -which there is no risk. They use the term “radiation protec-
tion guide” in place of ‘(maximum ermissible dose.” They also

$emphasize the fluidit of our knowle ge by ex ressing their guides
in ranges of values. $ $he upper value of the mid le ran e corresponds

8to the MPD as recommended for some years by the NC P. This is an
innovation mainly in directing attention to the nonrigidity of our
standards, but for practical purposes control agencies will still have
to adhere to the general MPD concept.

The terms such as MPD, guides, etc., -were discussed at length in
the ICRP meetings held in Stockholm last month. They have agreed
to continue the use of the term “MPD” for occupational exposure but
will avoid its use in reference to nonoccupational exposure. No agree-
ment was reachecl on a suitable term for use in reference to popula-
tion exposure. They also preferred not to use the “exposure range”
concept, feeling that it was too easily open to misinterpretation. The
terminology in this area has been under discussion for 30 years. If
you have a will to misinterpret, you can C1Oso with virtually any
term that you can invent.

The problem of additivity of radiation dose and effects has been Zl
matter of concern for mmy years. How do you add the effect of risk
of an X-ray and neutron exposure to a given or an if the absorbed
close for each is known? How, even, C1Oyou f efine and add the
closes ? This has been accomplished by modifyin~ the physical dose

“relative biologicalmeasurement by a biological factor known as the
eff eetiveness” or R,BE. At best, this has been a shaky procedure.

Attention was focusecl on the problem 5 or 6 years ago at wl~ich
time the I’CRP established a new committee to study it. More re-
cently the ICRP has set llp a similar committee and in fact the two
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have cooperated closely. The overall problem is extraordinarily com-
plex and neither group has reached any definite conclusions. I will
be surprised if they do within the next few years, but I think it is
safe td predict that some new and important concept will result from
their studies.

The ICRU which met in Switzerland last ‘spring was asked to de-
fine the RBE dose concept in consonance with the’other physical defi-
nitions of radiation quantities and units. Its tentative recommenda- ::, ,

tion embodying absorbed dose a risk conce t and judgment factors
lt,,j<i{(,,::i!i::,<,i,:i:i:ii,{:+,\,ti~iiii:<iii~\i{:,,:‘ “ ‘ ‘“’....++.;<(/,{,. :.t,.(+.~,~;,,$,,~,,.,,,,,:,j,:,~,~.::,:,\;.:{::.:~\\t:

%

:~t\t\,!t.i:}:!.:;\::~;)~\~t\t~{. :,:,:+!+/, ; !?l$,~,,$,+..,,, \,,.,.,.:j,.i\, .,,:>.. ,:. :,,,., ,,,,,~;. ... . . ,.$
was not accepted by the ICR~ as such, alt ough the general prin-

,,. .,,,.,:.:$,i<.,.(s,.<ii,:$!.:,+ip,,.,::,,,: ....:, .,”’,.,’,”::!’~.~.,.
ciples were. In the meantime we will continue to use the present

,,,,. ,+

“RBE dose” concept.
The problem of dose additivity becomes even more complicated when

you attempt to combine as a single risk factors a dose to, saY, the
thyroid from 1–131 and a dose to the hands from an external source,
say, X-rays. The NCRP is considering a radically new a preach to

% 0/the problems but it is too soon to say w ether the end pr uct will be
useful.

Additivit~ of doses is of principal importance to radiation workers
]:’,3,@~ ,. ..,+,,~;gr:+w;i~f~.:qi~}:*:\f.,pf,,.j::;;:y:f.,?[:~i~f~fi::.,. ... . *F

in the atumlc energy field. Under present conditions it is mainly of
.,

academic interest with regard to population exposure, since these doses
are so very low in the first lace.

YIn spite of the general y low exposure of the eneral population,
fefforts continue to either hold the line or reduce it urther. Exposure

of children has long been recognized as a limiting benchmark in dea~-
ing with population

#
roups and the FRC has recently specified tins

clearly in its Report 0.2.
The possibility of undesirable radiation exposure of students and

staff in schools in the course of either experiments or demonstrations,
has been recoemized. Early this year the NCRP established a sub-
committee jointly with the .4merican Association of Physics Teacl~- \,, .,,,:,,+,J>,,
ers and the PHS to study the problem. At its May meeting the ICRP

,,$0 ~

also decided to stnc]y the question. An initial survey has indicated
that while the problem cloes not appu- to be critical in the United
StateS at present, it might in the futtlre. We will @to forestall the
possibility without introducing unnecessary restr~ctions in tl~e in-
structional uses of radiation sources.

The matter of relatively large accidental exposures of radi~tion
workers is still a matter of concern, more from the administrativ~~
than the biomedical point of view ml] ess the overexposures we very
large. At present any exposures beyond the prescribed hlI’D ten.1
to be viewed with administrative alarm in spite of the fact that the
effects of say 25 reins are essentially uncle.tectable in the ind ividunl.
Nevertheless, accidents will occur with the worker possibly penalimcl
as to his future work potential. Both the NCRP and ICRP are :~c-
tively studyino this problem.

Exposure o? the population to very large doses of radiation, st~ch
as may be expectecl in the event of a nuclear attack or a mafor nu-
clear disinter, presents an entirely (Iifferent order of problem. This
has been under stucly by the XCRP for some 7’ years and a report
on the sub]ect was issnecl a few nlonths ago. Some of the recom-
mendations regarding clisaster decisions souncl very harsh, as indeed
they are. On the other hancl, they are based on the philosopliy tl]wt
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you must save lives first and worry about long-range consequences
afterward. For if you do not save lives, the question of long-range
consequences becomes merely academic.

There are many other detailed facets under study by the NCRP
and ICRP, but I want to emphasize that they are mainly detail.
During the past 2 yea~ no new reformation of a nature such as to im-
portantly influence our present protection philosophies or practice has
been developed. The initial work of the Russels, and now others,

\;.(i.,.,,.,>,,.(.;i;s;.t$(i<i;$(~{.,\;~~i:$i>:~;.;.(... ...\(,l,;,(,.,,..’.:~;,(;;J+
j\i.:t(\:?~::.::.(\\.\\:$j,::\\\)\<~}:’\~j s$ /$$ “?lyf{{lt,, ~,:,i$il:{tl[{j~<j):::,~. ‘ ‘.’”} f \@:\\..$.\,,:\i;::,\\:$.,\t,,.,,,,,,

indicates the existence of a dose-rate influence on certain genetic effects
}.!,..>,,~,..+,,.,J\.!,,,,\,,,,,,.,,\;\,\.i.\..)/,,.,
;., .. . . . \“,:,::’.” .+. ,: ,:, (

but the magnitude of the effect, while of great academic importance, ‘ ~
,,,.,,, .,,. ... . .. .. . .. . .,..,~s.,,,

is not such as to warrant any relaxation of prewmt standards. The
somatic effects of low-dose and low-dose-rate exposure is still the ma-
jor uncertainty in the establishment of radiations protection stand-
ards for the population.

Let me’emphasize two of the most important bases upon which our
whole radiation protection philosophy is founded: First, all radia-
tion exposure of persons should be as low as possible commensurate
with our medical, social, and economic need; and, second, any risk
incurred as a result of radiation exposure is proportional to the dose

*ti*.*:{*Rkw2?@++i~\%$`*&ij;`k*<#it$+4j!ftif.ti'i'i``f`?

and there is no threshold below which risk vanishes. This latter is an
unproven assumption but is thought to operate in the conservative
direction.

In attempting to place radiation protection standards in proper per-
spective it M important to break down the source of radiation exposure
into several categories. The choice will depend upon the end purpose.

Dr. Whipple has discussed this and if you will bear with me I would
like to go back over some of his ground from a slightly different
an le.

4 he following is one possible breakdown:
(1) Natural radiation: Man has lived with it and must continue

to live with it—there is nothing we can do about it. It amounts
to roughly 125 millirems per year.

(2) Medical irradiation: This represents probably the most clear-
cut example of a radiation use where the benefit far outweighs the
risk. Im rovements in technique and procedure can and are being

Emade so t at unnecessary exposure is being curtailed. In spite of the
reasonable expectancy that medical uses of radiation will expand, it is
probable that the average per capita dose will be further reduced.
The 1956 estimates of the average level of medical exposure in the
United States were such that it was thought to contribute sonle lJO
millirems per pear or 120 percent of natural background average per
capita dose. Better evaluations macle possible since 1956 indicate that
a more likely fi=gurewould be in the rz]lge of 10 to 50 percent of l~~~’li-
~gound or possibly less.

Chairman HOLIFIELD.You are spenking about medical exposure
there; are you t

Dr. TAYLOR. Yes, sir; this is exposure to the patients.
Chairman HOLIFIELO.In other words, what you are stating is that

the average medical exposure is from 10 to 50 percent of the normal
background exposure ?

Dr. TAYLOR. That is correct, sir. l’lw c:dcwlntion of t?m percen(tl~es
are mine.

Senator ~lNDERSON. And the previolls concept was that it w~~sone
and a fifth times the backag-ound ?

,.
.,,s
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Dr. TAYLOR. That is right.
Mr. RAMEY. Do you have some newer studies that ou can cite?

rDr. TAnOR. These figures, which probably shou d not be regarded
as official at this point, come from studies made for the U.N. Scien-
tific Committee on the Effects of Atomic Radiation and are consid-
ered to be quite reliable.

Representative PRIcm. Have we made any evaluation of our own
since 1956 ?

Dr. TAYLOR. This has been done in a few isolated cases and those
results, I believe, have been fed into the U.N. studies.

Representative HOSMER. Can you differentiate between the medical
exposures of populations in advanced countries such as the United
States as contrasted to such countries as Communist China where the
radiation equipment is few and far between.

Dr. TA~OR. I don’t know a thing about Communist Cliin% or of
many other countries.

Representative HOSMER.What is the 10- to 50-percent figure then?
The whole population of the world or that of an advanced country
or what?

Dr. TAYLOR. Those are estimates made by a number of different
countries including some estimates made in this country.

Senator ANDERSON.It just brings out what Mr. Hosmer was s&y-
ing. .kre these based on the figures of the United States or are they
United Nations figures which take into consideration the fact that
there is very little X-ray equipment in many countrim of the world?
I saw some United Nations fi~wres on the extension of life that do not
check with the figures of this country, England, Norway, or Denmark.
Is this based on how much there is in certain south African or middle
African countries all lumped together ? Is that why yoL~ changed
the figures ?

Dr. TAYLOR. No, indeed. This is on the basis of a better analysis
of the information that is available. These studies have come from
countriw like Sweden, Denmark, Germany, England, France. I am
not sure of all the countries. There may be some others; inducting the
Unitecl States and some information from the Soviet Union, I believe.

Representative PmcE. Doctor, the other background figures we were
talking about previously before your evaluation since 1956, what were
they ? Were they world figures or U.S. figures?

Dr. TAYLOR. Those were U.S. figures. At that time the figur~
for the U“nitecl Kingdom were considerably less than the estimate
macle for the United States. In fact, they were clown somewhere near
the bottom of this range I mentioned.

Representative PRICE. Do yOL~have pre-1956 figures for other na-
tions that yoLl coLdd sLlpply for the record ?

Dr. TAYT,OR.I don’t believe that I know of any. There may l)e
some, bllt I donl ]inow about them.

Mr. RANIEI-. TVe probably have some in our previous hearing recor~l.
As I rwxdl, we had some.

Dr. TAYI,OR The only study that I lmow of in the 1956 period was
I,allgl~lin-Pl~ll]~lan study i]~ this collntry and the British Mediml Re-
search Council studv in the Vnitecl T<ingdorn.

Representati~-e Hosmm. Doctor, some time a:o a witness fronl the
AMA ~ppearecl before us ancl after some very severe c.ross-exnmin~-
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tion admitted that approximately 90 percent of the medical and
dental X-ray equi ment was in disrepair; as a consequen~ s reading
more radiation $ an was calculated. Is this figure basecl? On the
theoretical performance of machinery in good condition or the actual
performance in bad condition?

Dr. TAYLOR. I can’t answer that. I know that at least in a few
cases the information that were supplied was what you might call
across-the-bwwd equipment. I am sure that you will find related +,...>,,Ji,,,i,, > ,. ,, ,. ,:i, ,;,:, ,;.,,~:,.., .-.,,<,m$h~\w}o$~!$~>~.~$~\\\.,\,.,.\$\i\~?:t\i\[(\/[(,t):t::,:::\:,tttt:,,,:)t,,,,:,:.:, :,
cases where the equipment is not as good as it should be. On the other

,:, ,..,,,,:(.:,:(::::((/,(,,,,,-,:,~::!w,’:.:\’,$’:/,/(\{t:/,,.,T\,,!,/,!,....!.j?},,.,:,),f,.,!.,,,..,,i,,,,,,,),,..,.., , ::~:,i:t+i::t,<,:,,.,...,,.’

hand, with the ~eat bulk of the equipment in the United States which .,:.::.:,~~~ti~;~...... ~ ~. . ~~ ~ ~~

,,!:, .‘..

has rather rapid obsolescence, we have quite good built-in inherent
,,...,,.,,,,..,.,..

protection.
The use of radiation equipment by the medical profession is some-

thing else again. This is something that is very hard to get at. I am
sum that you will find cases where radiation exposure is delivered
unnecessarily. I don’t think that you can put a high degree of
reliance on these figures but I doubt you will find they are out by a
factor of more than two, and that is not very im ortant.

!Representative HOSMER.The figures range rom 10 to 50 percent of f!~~.~****J:***ti~ti!jl&:i??i*~+w.;w*

background; you have a lot of leeway.
Dr. TAYLOR. That varies between countries. This is about the

degree of uncertainty, as a matter of fact, in making the estimates.
On the other hand, there is a fair certainty that it M somewhere in
the neighborhood of 50 percent of backgrormd or less now as com-
pared with the estimates a few years ago of 120 percent of background.

Representative HOSNJER.IS this an improvement in the est.imates
or an improvement in the techniques and equipment?

Dr. TAYLOR. I would say mainly an improvement in the estimates
becau;e I don’t think there have been enormous changes in equip-
ment m that length of time.

Representative HOSMER. You just testified that there has been
magnificent improvement. ‘W

Repreeantative PIUCE. We will have testimony later on in the hea,r-
ing on the equipment from Dr. Richard Chamberlain. I think he
will cover the equipment.

Re resentative HOSMER. I am trying to substantiate this figure,
8Mr. hairman, which appears to be pretty much of a “guesstimate”

rather than a real estimate.
Senator A~DERSO~. Could I ask one question there?
I want to follow exactly what Mr. Hosmer has been asking, whether

it is an estimate or a “guesstimate.” You are with the Natiomd
Bureau of Standards. You said these were U.N. fi~Lres.

How much did yOL~check into the lJ.hT. fibqres ? Did you take
them just as they came?

Dr. TAYLOR. The Bureau of Standarcls is not involved in this.
Senator ANDERSON.Who is involved in it t
Dr. TAYLOR. The International Commission on Radiological Pro-

tection has studied this and we hare done some verification in the
ICRU.

Senator .k~D~~SO~. They met at Stockhohn ?
Dr. TAYLOR. Yes.
Senator A~DERSO~. Did they accept these figures?
Dr. TA1’~OR These figures were not cliscussecl then.

“$.:,
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Senator ANDERSON.This is not an ICRP fi re, either?
TDr. TAYLOR. At the request of the Unite Nations Committee the

ICRP and the ICRU have carried out two special studies dealing with
the question of medical exposure of atients.

?Senator ANDERSON.What is the CRU ?
Dr. TA~R. That is the International commission on Radiological

Units. They have put out two published reports on the subject of
medical exposures.

Senator ANDERSON.Do these figures come from those t~o published
reports ?

Dr. TAYiLOR.Not the final figures but the methodology and some of
the tentative figures.

Senator ANDERSON.Where do the fi res come from?
rDr. TAYLOR. I was not able to atten the U.F/. meetings.

Senator ANDERSON.This is your paper, Doctor?
Dr. TAYLOR. Yes. I have their written material. I was not able

to attend their meetings.
Senator ANDERSON.Where did you get the figures 1
Dr. T.iYLOR. From their written material.
Representative PRICE. Specifically what organization ?
Dr. TAmOR. From the ICRP and the ICRU reports prepared for

the Unit ed Nations Scientific Committee on the Effects of Atomic
Radiation.

Representative HOSMER.But you did not independently evaluate
the data and assumptions upon which the conclusions were made ?

Dr. TAYLOR. That is correct.
Represent at.ive HOSMER. So that you cnnnot certify to this 10 to

.50 ercent figure?
8 r. TAYLOR. No, sir; I cannot. I am quoting figures prepared

for UNSCEAR by the ICRP and the ICRU.
Senator .41VDIXLSON.Can you tell 17swhether the U.N. figure of 120

is based on the V“nited States only?
Dr. T-AYLOR.l’es, it was. It was based on the 1956 Laughlin-Pull-

man figure for the LTnited States.
SelNltO1’ .~XL)ERSON. Can you tell us whether the figure of 10 to

50 is based on the United States only?
Dr. TAYI,OR. NTO,sir. That included other countries.
Senator AxrmRso~. Therefore, the two things are not comparable

at all, are they? .kre they oranges and apples?
Dr. TA1-LOR.The, U.S. fignre is included in that 10 to 50 figure.
Senator .4~D~RsoN. T understand. But if I ask you the population’

of the I“nited State~, you say it is 180 million and I say no, it is 4
bill ion bemuse that M the population of the world and the U.S. popu-
lation is included in it, it would be a little misleading.

Dr. TAYLOR. X-o, sir. Tbe figllres give the nvera~e Der capita dose.
This is the total dose clelivered to all the people.. divided by the nun~ber
of people. so that, the size of population does not enter.

,Senator .hmmwos. 1s it safe to assume that you don’t know -which
count ries Ire involved in this 10 to 50 percent figure?

Dr. T.’LV1.(OR.I C:anfind out. 1 gave yell the names of some.
Senn tor :~XDERSON-.~Ut there might be others. The United Na-

tions cm~ers :1 ,grent many collntries. The last vote was 2,375 to 1,280
or something ]ike that. 1 forgot, how it came out. It was more
col[ntries then T knel~ existecl. Are x11 these countries in here?
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Dr. TAYLOR. I believe I am correct, Senator, in saying that this
comes primarily from about 12 of the more advanced cm.mtri~~.

Senator ANDERSOM.You say a factor of 2. Am I right that in
a factor of 2 if a 100 is a base it could go from 200 percent down to
50 percmt ? Is that not a factor of 2 ?

Dr. TAYiLOR,That is a factor of 2 up or down.
Senator A~DERSO~. This is a factor somewhat in that neighbor-

hood. But they are widely different. I am trying to find out where ....:,.:,.,,,,,,,,,. ,:,,,,,,$,,,$,,,,,,,,,:j,~i,:~$~,,,,::;,,,,,,,,,,,,,::,,,,..,.,:,:,,,,.,,,:,:,:,;,.>:,:>,;.:,;,::::~l:;~,.,..,,
they actually come from so we know how much reliance to placa ,

~;;{:,::i,i:!!{;:,:;::.i( :..::,.,,~!~,j:,,,,,,. .;,, : .;::[!~:t:::(;,:<;,,:. \\,,,,,:,::,j+$:),!./:,::.:. s.. ~..”~’:’.::‘w,:.>.!~:.::.,,. ... ,,, ,,,:..’.
upon them.

Dr. TAYLOR. The studies that have been made in Englan& for ex-
,,, .s.:~:.,,’.

ample, are rather highly sophisticated because their radiation use
is under fairly tight governmental control. This is covered in a
report published by their Medical Research Council.

Senator ANDERSON.I do not wi~ to get on an unpleasant subject
but they have so-called socialized medicine so there is no financial
incentive to use the X-ra .

ill
Is that right?

I am just trying to d out. That is the point of them figures. ~,,,.. .,:..;:;yw,y,.>+.,.,.
They jump all over the landscape.

.,.,, ,,, ,,,,, ,,,.,
*$@@p!:?..+,,.,,:,> $.::~(,~??*-*&.;:/:&,!fi(P;!$!f ::iii<’fi}~“t

Dr. T~XLOR. I had better not try to answer that question.
Senator ANDERSON.Let me get back to the first question you gave

out. The material you said came from the U.N. Scientific what?
Dr. TAYLOR. The material was prepared for the Scientific Con~-

mittee on the Effects of Atomic Radiation.
Senator AITDERSO~.Has that been published?
Dr. TAYLOR. The ICRP and ICRU reports have been published.

The L~.hT.report is bein prepared for pubhcation now.
Senator A~DEREO~. + ou got an advanced copy of it t
Dr.. TAYLOR. No, sir. I have receivecl some working papers fronl

them m another cmpacity.
Senator A~DERSO~. When was that finished, do you know?
Dr. TAYLOR. No, sir—Dr. Tompkins indicates July.
Senator ANDERSON.Of last year?
Dr. ‘TAYLOR. Of this year.
Senator AI-TDERSON.It has been finished last JLdy of this year ?
Dr. TAYLOR. No; it is expected to be finishecl in this July.
Senator ANDERSON.It is not finished yet t
Dr. TAYLOR. No, sir.
Senator A~~ERSON. So we may have to revise these some more. All

the precincts are not in yet as they found out in Texas the other clay.
Dr. TAYLOR. I think this is prlmari]y ~amatter of editorial work,

Senator.
I believe that the numbers lm~:e not been materially changed since

they were first presented a year or two ago.
Senator ANDERSON.You recognize that this is a subject in which a

great many people are tremendously interested Y
Dr. TAYLOR. Yes.
Senator AxDERsoN. I personally felt that the danger of radiation

from medical practice is very slight. It is generally well controlled
and kept in reasonably good shape. But there is a lot that is not. I
am curious where they get these figures because I would think if the 120
percent figure comes from experience within the United States alone,
you have a quite different story -when you start broadening it to other
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fields and we have to know exactly which countries you coverecl and
how much weight is given to medical experience in those countries.

Dr. TAYLOR. The figures from different countries are -not averagecl
inhere.

Senator ANDERSON.If they did not, how do they get a figure of 10
to 50 percent ~ You would have to admit this is indefinite.

Dr. TAYLOR. This mizht mean in one country 10 percent as the
result of their studies anti another country 151/2percent; another coun-
try 30 percent, another country 50 and another 40.

Senator A~DRRSON. They say it runs from 10 to 50 percent because
one is 10 and one is 50 ?

Dr. TAYLOR. This represents spreads between five countries. YOU
can not average the countries. There is no meaning to that. A-s YOU
pointed out, you cannot add oranges and apples. The real point of
this, as compared to our estimates in 1956, is that the evidence is now
such that the medical exposure appears to be much less than it was
considered to be 6 years ago.

Senator A~DERSO~. We would say that these figures are ~.ot what
we like to call scientifically correct.

Dr. TAYLOR. They are probably scientifically as good as you can
make them at the present time. I don’t think you can regard them as
correct or incorrect.

Representative HOSMER.Would you say that the change downward
is largely due to the abandonment of the widescale use of chest
X-rays ?

Dr. TAYLOR. I am not in position to answer that, Mr. Hosmer. I
think part of the reason for these figures is that we have had time to
develop better techniques of study. I think that if we had studied the
1956 situation by present techmques, the value reported then prob-
ably would not have been as high as indicated.

Representative HOSMER. I do not see how you can consistently st~P-
port these fi=mres having admitted that you made no investigation as
to how they came about.

Dr. TAYLOR. These figures I am ql~oting are figures which I be-
lieve are reliable. It has been a ~-e~y relizble committee. Groups
that I have worked with have contributed to the methodolo~q that
has been used. Therefore I have confidence in the figures even though
I lmd no personal part in obtaining them.

Representative PRCE. Senator Aiken.
Senator AIKEN. I was wondering, Dr. Taylor, to what extent, is

the dose of natural radiation influence by weather conditions: hot
sun, rains.

Dr. TAYLOR. only to a very minor degree, 1 believe.
Senator AIKEN. There is no great range of difference, then, between

eastern Oregon and western Oregon or New Mexico where they always
pray for rain xnd other parts of the country where they pray that it
will stop raining ?

Dr. TAYLOR. You will find there nre differences between clifferent
States and clifferent parts of a State that m-e just natural. 13ut I
don’t believe these are importantly influenced by local weather.

Senator AIKEN. lVhat is the reason tl~at there should be the differ-
enre in the different States?

Ih. TAYLOR. There may be Q question of nltitude. This influences
the amount of cosmic rm{liation you rcrei~e. T]le :immmt of r:ldio-

... ,
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activity in the soil is one of the important contributors to the material
that gets into your body through the food chain. The kind of house
you hve in may influence your radiation dose.

Senator AIEEN. Atmospheric conditions would not ordinarily in-
fluence any wide range ?

Dr. ‘rAYLOR ~tls COI’IWt ; JWS.
Senator hN.) Thank OU.
Representative BATES. J

r Would younothaveto really know
r. Ta lor, let us assume that these figures

are correct. What do they mean.
all of the elements that go into the computation before they take on
any significance ? For instmm, a new machine widely used with a
very low dose will throw these figures into a cocked hat. We are more
interested in the range ‘so we know what the dangers are at the upper
level rather than an average figure without any background as how
it was arrived at, which could be rather meanmgless. As a matter
of fact, the real danger in certain cases could have skyrocketed and
still have averages because of a new machine on a very low dose level
that would bring the average way down.

Dr. TAYLOR. It is quite possible that some new equipment and new
technique could substantially decrease the dose. On ~he other hapd,
you don’t get any results, diagnostic or therapeutic, without exposing
the patient to the direct beam of radiation. All YOU can do by way
of improving the situation is to avoid unnecessary exposure; to cut
down some leakage from the tube housings; to better shield park of
the body you don’t need to expose and so on.

Representative BATES. In the event that these patients were not
exposed to radiation they would not then be invQlved in these par-
ticular figures, would they ?

Dr. TAYLOR. I am not quite sure I follow you. This is an average
per capita figure. You estima~

Representative BATES. But only for those who have been exposed ?
Dr. TAYLOR. No, this includes the entire population in this country,

for example. You make an estimate as best you can of all the radia-
tion that was delivered to all of the ople in the United States. This

Ymay be only 10 percent of the peep e. Then you divide this dose by
the number of ~eople in the United States. This ~ves you your
average per capita dose. For genetic purposes, this is the figure that
is significant.

Representative BA~. The original statement I made about a new
machme with a low dose would have an impact. Also your second
statement to the effect that perhaps now they are not treating people
with radiation that maybe previously they did. But you would really
have to know what goes into these figures to understand the
significance.

Dr. TAYLOR. Yes, if you want a highly accurate quantitative answer
to this question. This means virtually the measurement of every
single individual exposure that is made of people. This is physically
impossible. The Public Health Service may in a few years time—pos-
sibly a decadethrough its survey activities provide us with a better
cross-section of the radiation exposure problem than we now have.
At the present time this is the best that can be done, and I would be
the last one to say it is very accurate. Certainly the trend is clear
enough to be, I think, quite acceptable. It cert~inly is, in my mind.
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Representative BATES. The number of machines that we have now
per ca ita has increased considerably since 1956.

%Dr. AYLOR.Yes.
Representative BATES. That would really put a little significance on

this figure.
Dr. TAYLOR. If the number of machines per capita increases you

mi ht expect more radiation per capita. Actually It $ less.
B epresentative BA-. So that gives some sngmficance to your ,,,,,,::,:::::,),,;;,;:;::,’.’.’.~~::,.:,::,,.,::,,,.,,,,:,:.:,,,.,:,;;:::~,..,~)~,

figure ?
~:::~~<,.:, .{:;,,..::;,++,:(,::,,:+:}:::$(]$&::::(\,t ~..,.,,,,~:..,,~,~,,~,{ <!,,.,J.t,,!,$.,.,{j.;~!w.:.:>:):.:/:, l,:.f.,.,.,,,\.’,

Dr. TAYLOR. Yes.
.,

.,, .,

Chairman HOLIFIELD.This would also be effected~ if the gentle-
,.,

man will yield, with the improvements on the new machines w+against
some of the older machines which were a little bit generous with their
radiation. The results are obtained quicker under some of the new
machines and with less radiation because we have more sensitive film
than under the older machines.

We are not usin the fluoroscopes because the alarm has been sent
~out on these shoe tting devices and to some extent on fluoroscopes,

so that your fluoroscope examinations are probably not as prevalent
::*:{:~:+:.{/::$;y*?tJ*i.~+*{<$fl*\jj$:*@$$wi:!~i* &@&$,.,,., ,

..,...
as they were when their danger was not so well understood.

.. .

Dr. TAYLOR. Yes.
Chairman HO~IELD. .ls I listened to this colloquy and these an-

swers and questions, it seems to me that your saviwg ~ord> Doctor>
is that it indicates that is a more likely figure. Certainly these are
not figures that we can rely upon, Dr. Taylor. -,:

Dr. TATLOR. They certainly are not.
Chairman HOLIFMA I think the record should show that they are

evaluations which indicate but which certainly do i~ot ‘prove this
lesser danger of medici=d or dental X-rays in proportion to background
radiation.

Representative PRICE, Would you proceed with your statement.
Chairman Hommmo. That is in the nature of a question.

,,

Representative PRICE I think he agreed to that.
Chairman HOLIFIRLD.I do not think he has.
Dr. TAYLOR. I do not think I would extend this quite to the depth

you have, Mr. Holifield. Certainly in my mind, this figure of 50
percent represents an upper figure now for the dose to the U.S. opu-

Rlation from medical sources as compared with 120 percent gure
before.

Chairman HOLIFIELO.That is quite a sharp reduction. That is
more than half.

Dr. TAYLOR. Sir, if you will recall from the Lau,ghlin-Pullman
report, they gave a genetic dose figure of 4.6 reins distributed over-
30 ears as the average per capita dose.

6 hairman HOLIFIELD.From medical and dental X-rays?
Dr. TAYLOR. Yes, sir.
They specified an uncertainty in that figure of plus or minus 3, if

I remember correctly.
Chairman HOL~FIET,~.A factor of 3 ?
Dr. TAYLOR. The figure might have been as 10W7? I believe, as 1.6

rerns or then it mi<qhthave been as high as 7.6 reins m 30 years. I am
not quite sure if my memory serves me correctly but it was in that
range. This w-asthe range of m~certminty of the 1956 estimates.
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Now, the current estimates are believed to be much better. The
earlier figure includes an enormous uncertain .

iRepresentative HOSMER. I have just one ot er question:
Do you think that any of these figures are meaningful unless a

factor is included for average leakage, miscalibration, and other de-
fects in medical and dental radiation equipment?

Dr. TAYLOR. Those factors are worked into these numbers.
Representative Homnm. Have you any idea what they amount to? ~’”’’!”’i’~::’:’’’’’’{’’$$~~~~W~~~~;”:;”:‘:’’”~”’$~’~:;?’f~f$$’~~i:~’:’’~’::””

:., .,.. ...::,,:,,.,, ,.,... :,,,,,,,.::;:;+,;,:
;.~(:,:,~,<,:$$.:.\i\O.,\i{.,\,,

Dr. TAYLOR. No, I am sorry, I don’t offhand. Exposure due to
leakage, inadequate shielding, and so on, with modern equi ment is

.,,. . . . . ... . . . . ............ .

Ra small percentage of the direct beam dose to the patient; t is I am
sure of.

Representative HOSMER. I am not so certain of it from what testi-
mony we have had and also from the proportion of modern equipment
in use as against older equipment that is still in use.

Dr. TAYLOR. Modern equipment, as I think of it, became prevalent
in this country on a wide scale in roughly 1940. Equipment prior to
that was the open-tube type. It was relatively hazardous, and is now @i&?WI’’W*$&8$@@@ ,>..”j~$,...~t5~+~..<*+*~*f*i#+iw

hardly to be found. Shielded tube equipment came in the late 1930’s,
and it is almost universal at the present time. Even that equipment
has been improved upon gradually over the past two decades.

Representative HOSMELL.Here is a survey of the New York City
Officx of Radiation Control, as of January 31, 1962. (See app. 2,

%
612.) A fluoroscope survey showed that 71 percent of the shutters

o not adequately limit the X-ray beam. Radiographic units, 69 per-
cent did not have the X-ra beam limiti to the area of clinical inter-

rest. This was particular y true in connection with chest X-rays.
X-ray machines reinspeckd, they reinspected 740 and they found 64
percent of those had been brought up to standard. So I think unless
your figure for these leakages and so forth, is fairly high, the total
figure you have given ‘US is hard to evaluate as being very mean-

%
in ful.

r. TAYLOR. Those leakage figures -would normally come into the
results. I might say that the standards agpinst which they are making
these comparisons are extremely high. If you allow the field to
overla the fluorescent screen or if you use too large a field you are not

!multip ying your problem by factors of 5 or 10; you are multiplying
them by 10 or 15 percent. These are not the princi al sources of
radiation exposure. \The rincipal sources are the direct earn.

Representative PRICE. % ould you proceed with your statement i
Dr. TAYLOR. The third category is industrial and atomic energy

sources.
Here; except for waste products, the principnl recipients of exposure

~re rad]ation workers which represent only a fraction of a percent of
the population. In spite of their being allowed technically, to receive
exposures higher than the general public, their average is extremely
low. In comparison with many other industrial hazarcls the atomic
energy and radiation inclustry generally must be regarded as relatively
safe.

The balancing of risk and benefit in the industrial use of radiation
is almost impossible to evaluate, but because the risk seems to be so
small the balance is probably favorable. At present the contribution
of industrial radiation to the average per capita close is probably less
than 0.4 percent of the total (0.3 millirems per year).

,{,
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Representative BATES. Do you have any figures on waste products?
Dr. TAYLOR. I don’t think the figures are very reliable on that.

But certainly the figure is very small at the present time.
The fourth category is fallout from weapons testing. Fallout is

an unfortunate b product of some weapons testing programs. It
Jcan be eliminate or reduced only by the sacrifice of information

needed for our national defense and security. Only in the wisdom
of our national leaders can the

r
in and risk be compared and the ,;.,,>..,,.:,,,.,,,,.;.,~,., ,, .,.<)l.,..,,....!.$,!,.\:!!,(,!.:,.:,..,> ,.,.,j;;.::\<:,(.::,~:.,j;(::::::::tJ;::.:(.;,.,:,:<:!t:$:::::.i{f>:::{::t:\::.\}\l..:,ir..,\{!t~{f{!${,:::~t:$!:iv:,:,1?; ..,.,$,$$:,s,\,\.;}j};::

general public is in no position to ebate this point.
As long as we must learn to hve in a world along with nuclear

,, ..,,,,,
., ..,, ,., ,.. ..,,.,,.,,,

wea ons we must chalk up one plus for fallout; its analysis gives us
{muc valuable information about the weapons tested by other nations.

.. ..

It is hardly worth testing just for that purpose, I might remark.
At its pwak hwels, fallout has contributed less than 1.5 percent of our

average per capita dose” (an average of 2 millirems per. yearz ).
The fifth category is fallout from nuclear warfare. This could well

contribute many thousands of times the dose of radiation that man is
now living with. There is no basis for comparison between its effects i.’4Ww&+#&$’’~”’”lyww;?,$+$~

4
and those from present ex osure levels.

“+,?*&*@*~.*w$*.,

Representative PRICE. hank you very much, Dr. Taylor.
Dr. Taylor, were you implying on page 1 that nuclear testing and

waste disrmsal are sus~t m the harm to lower forms of animal life
and dama’ge to our ecol~ ?

YDr. TAYLOR. The ra iation from nuclear operations can be haz-
ardous to lower forms of animal life and to our ecology.

Representative PmcE. Was this what you were thinking of f
Dr. TAYLOR. Yes, sir.
Representative PRICE. What are the factors that you state that the

part played by social and economic factors and so forth, on page 1,
imply ?

Dr. TAYLOR. Sir, we set our radiation protection levels on the basis
of some limited experience -with man, some experience with animals,
some biological experience, and so on. We are forced to .mqke assum-
ptionsabout the linearity of radiation effects or that radlatlon dosagee
can accumulate under certain conditions. These are unproven facts.
We have not yet been able to establish any causative relationship be-
tween industrial exposures and injury to man. Therefore, we sre of
necessity working somewhat in the dark in this whole qu~tlon Of
radiation protection standards. As long as this is the situation we
have to use judgment factors as to what kind of radiation levels we
are willing to work with. our jud=gment factors are going to be influ-
enced by public necessity, economic nwessity~ medical nec~slty~ and
so on.

Representative PRICE. Mr. Ramey has a question at this point.
Mr. RAMET. When you are talking of social and economic f actors, do

TOU mean also this auestion of the statistical concept of risk? You
;nentioned these sta;dards started out by -way, of necessity, SUCh as
radiation -workers and the celebrated cases of hcking the brushes by
i-aihum workers, and so on, where you actually found physical damage
as a result of radiation. Now we are taking our standard to where
thev are applying to whole populations and where. you can’t oh~erve
or discover any damaging effects.

I See supplementary testimony at end of Dr. Taylor’s testimony, p. 30.
@Editor’s note : This an annual genetic dose averaged over a period of 30 years.
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Is this the case of going into social and economic fwctors that have
not been really thought out entirely i

Dr. TAYLOR. Yes. It is not a. case, Mr. Ramey, of their not having
been thought out. There has been a tremendous amount of thou ht

#given to these questions, but there is nothing to grab hold of. ou
cannot describe risk in units in the same sense that you can describe
dose, for example. We don’t know precisely what these risks are. We
speculate on the risks on the basis of animal experiments extrapolated
to man. We use judgment and we use consensus principally in un-
tanglin different concepts of the professional people workinq in the
field. 4 ut you don’t have any sound numerical basis on whmh you
can evaluate risk, or compare risk to risk. You can’t compare the risk
of automobile driving with the risk of working with radiation. They
are entirely clifferent things, but they are both risks. Until you can do
that you have to use your best judgment.

Representative PRICE. Dr. Taylor, on page 8 where you me talking
about fallout from weapons testing, you say that at its peak levels
fallout has contributed less than 1.5 percent of our average per capita
dose, of 2 millirems per year. (See footnotes 1 and 2, p. 26.) How
about the recent] y reported levels of iodine 131 in the Midwest!

Dr. TAYLOR, I am sorry; I have not tried to put those figures into
this context. Somebody else can undoubtedly answer that question.

Representative PRICE. I wonder if Dr. Dunham could comment on
that question.

Dr. DUNHAM. I don’t have all the figures.
Representative PRICE. Do you intend to cover that in your presen-

tation ?
Dr. DUNHAM. I think Dr. Chadwick from the Public Health service

was planning to provide those data.
Representative PRICE. You are familiar with the widespread story

about the excessive fallout in the St. Louis milkshed and other areas
of the Midwest in recent weeks. Later on in the hearings we will get
some comment on that?

Dr. DUNHAM. That is right.
Representative PRICE. Are there any other questions of Dr. Taylor?
Senator ANDERSON.I would like to know where he gets the 1.5

figure.
Dr. TAYLOR. It is a figure supplied by Dunning.
senator ANI)ERSON.what is that based on !
Dr. TAYLOR. .~~~in it is based on the analysis of the kind of infor-

mation thnt was fed into the ~-.N. Scientific committee from various
sources of which the U.S. delegation probably was one.

Senator ANDERSON.What was the figure that the U.S. scientists
turned in as to what they thought the fallout amounted to ?

Dr. TAYLOR. 1 don’t know their fiemre. Perhaps Dr. Dunham does.
senator .4NDERSON.IS this 1.5 a published figure! This other one

w.s not published. we cannot check it. Is this a published figure?
Dr. TAYLOR. It is a figure that will be published.’
Senator ANDERSON.will be. How will we check it ?
Dr. TAYLOR. It will be available in July of this year.
Senator ANDERSON.Along with the other figures ?

,,,..,,!,.:

31,. S. Taylor, “Radi&tion Exposure in Realistic Perspective,” Physics Today, .lnue1962.
S6853—62—pt. 1—3
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Dr. TAYLOR. Yes, sir. Excuse me, may I ask Dr. Tompkins a
question about this t

Senator ANDERSON.Yes.
Dr. TAYLOR. You were at the meetings, were you not t
Dr. TOIWPKIm. Yes.
Senator A.NDERso~. Is this an approximate figure they will inclucle

in their final report? This is a scientific pa er. You should have
1’found out if somebody heard something and i that is the figure they

used. Where did you get it?
Dr. TAYLOR. I derived it from their papers. They had meetings

after I left the country. You were asking about the U.S. figure in
here.

Senator ANDERSON.I am asking where the 1.5 came from. What
scientific calculations were there that went into that ? What is our
average per capita dose ?

Dr. TAYLOR. From fallout ?
Senator ANDERSON.No, from the language of your paper. At its

peak levels fallout has contributed less than 1.5 of our average per
capita dose. What is our average r capita dose t I want to take

r1.5 of that and find out what we get rom fallout.
Dr. TAYLOR. Our average per ca-pita dose is something over 125

millirems per year. It is 125 milhrems per year plus the meclical
contribution.

Senator ANDERSON.And the medical contribution amounts to what, ?
Dr. TAYLOR. It is from 14 to 60 millirems per year, I believe. This

is from memory.
Senator ANDBRSON.That would make about 140 millirems per year.
Dr. TAYLOR. It could be. Background plus 14 to background pills

60. It could go as high as 185 and as low as 140 millirems per year,
roughly, depending upon the medical value. I am just giving you
these numbers from memory at the moment.

Senator ANDERSON.We had fi~gures before that indicate that the
fallout is as low as that.

Dr. TAYLOR. Yesj sir.
As a matter of fact, I believe this is in agreement with a report by

Dr. Dunning of the AEC. He is here in the room and can perhaps

2
either veri this or correct me.

Senator NDERSON.When you use the term “fallout has contribnt ed
less,” do you mean er year?

[Dr. TAYLOR. In t is year.’
Senator ANDERSON.Would it be in the last 3 years when they had

what was known as a holiday on testing ?
Dr. TA~TOR. This covered the whole ~eriod to now-1962.
Senator ANDERSON.

ing V
Dr. TAYLOR. Yes.
Senator ANDERSON.
Dr. TAYLOR. Yes.
Senator ANDERSON.
Dr. TAYLOR. Sir ?
Senator ANDERSON.

1958 was a year in’ which there was some test-

This is based on 1958 ?

Did the U.N, say so ~

Did the U.N. so fidvertise it as basecl on 1958?
Does that show in their fi~qres ?

4Editor’s note : See Dr. Taylor’s supplementary statement indicating a misunderstanding
to this Question, P. 30.
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Dr. TAYLOR. I zm not sure what their actual statement will be
with regard to this.

Senator -EJWCN. Do you happen to lmow whether the U.N.
ameed on this? Whether the member countries am-eed tmd whether
t~ere was a vast difference and argument betwean-the members?

Dr. TAYLOR. I am sure there was a great deal of ar=ament but
there was basic agreement.

Senator AXUDERSO~.Basic aguwment on an average figure or basic
agreement that they could not agree ?

Dr. TAYLOR. On an average figure.
Senator A~DERSO~. Was there a majority viewpoint and little re-

spect for the minority viewpoint ?
Dr. TAYLOR. Sir, I was out of the country when these discussions

were being held so I can’t mswer that question.
Senator A~DERSO~. The story of Iodine levels risin in Wichita,

fKans., with peaks of 22o to 340 micro-microcuties per iter of milk;
660 on May 15, from 220, and so forth. Kansas City with peaks of
190 and 300 had 600 on May 18.

Are we trying to show that tasting cloesn’t do any damage or doesn’t
raise any hazards ? This is a statement which would surely leave the
impression that there is no real danger in testing; would it not? If
in 1958, the highest year, we had only 1.5 percent of our averabm per
capita dose that we live with today, and don’t worry about, then we
don’t have tQworry about the 1.5 percent,.

Dr. TA~moR. I was not trying to create that impression. I was
listing the various sources of radiation that we are now exposed to
with their lel-e]s as we best understand them in order to put some
pers~ective on the whole problem. Actually you cannot compare a
mwhcal exposure with a fallout exposure. They are both radiation
exposure but you cannot say 2 millirems of X-rays is the same as 2
millirems from strontium 90.

Senator A~DERSO~. If you cannot compare them, why did you do it ?
Dr. TAYLOR. I have been comparing in this case the gonadal dose,

the genetically important dose.5
Senator ANDERSON.You say you cannot do it and then you proceed

to show that it is only 11Apercent.
Dr. TAYLQR. You cannot compare the overall exposu~es from fall-

out with the overall exposures from X-rays.
Senator ANDERSON.Then why did you ?
Dr. TAYLOR. 1 have been comparing here the gonadal dose. This

you can compare.
Representative HOSMER.That is what is bwt known as a dose to

reproductive cc]]s.
Dr. TAYLOR. Germ cells, yes.
Senator A~D~Rso~. YOU estimate the amounti to l% millirems per

year f
Dr. TAYLOR. Yes, sir.
Representative HOS~R. Then you said that fallout contributes

about 11/2percent of the per capita dose.
Dr. TAYLOR. To the gonads.

‘ ~~~ta,’snote: See supplementalstatementof Dr. Taylor,p. 30.
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Representative HOSMER. TO the onads. The F~eral Radiation
7‘Council chart indicates 10 to 25 mil irems per year which works out

to about 6 percent as compared to your 11Apercent figure.
Dr. TAYLOR. That is from all tests through 1961. I was giving it

for 1 year. (See statement below.)
Representative HOSMER. YOU mean that is cumulative or yearly?

It says 1 year in the column on the left-hand side.
Dr. TAYLOR. 1 would have to study this report to know precisely

what that figure means.
Representative HOSMER.Would you like to submit a short statement

amparing your fi~res with theirs?
Dr. TAYLOR. I w1ll try to do this.
(Subsequently, Dr. Taylor submitted the following supplementary

st mtement: )

EXTENSION OF TESTIMONY PBESENTEOBY LAURISTON S. TAYLOR

In my testimony on June 4 there were some questions regarding the sources
of data used, as well as the end results presented. Some further information and
the correction of one step is given below, relative to the statements comparing
the medical to the total average per capita genetic dose of the population.

The paper as presented was not specific in stating that the figures related to
gonadal dose for a 30-year period. Within the limits of accuracy, they also
apply to whole body exposure.

With regard to natural radiation, I prefer to use a figure of 125 millirems
annual average per capita dose rather than the rounded-off figure of 100 millirems
per year. I believe that a similar value is used by the United Nations Scientific
Committee on the Effects of Atomic Energy in its 1958 report. For later com-
parisons, the value of 125 gives a dose from natural background of 3,750 milli-
rems over a 30-year period.

Medical procedures in the United States contribute to the average per capita
dose at a rate now variously estimated at 33 to 50 millirems per year. ( Norweod
et al., 1959, 45 millirems; Lincoln and Copton, 1958, 50 millirems; FRC Rept. No.
3, 1962, 33 millirems. ) I have chosen the highest figure as being the least con-
servative, as far as medical practice is concerned. On this basis, the 30-year
contribution to the average per capita dose is 1,500 millirems; this is less than half
the dose received from natural sources.

The contribution to the average per capita genetic dose by radiation workers
is probably less than 0.5 millirems per year, or 15 millirems over 30 years.

The 30-year average per capita genetic dose to children born in 1962, resulting
from all past tests, is approximately 60 millirems (derived from Dunning,
TID-14377, 1962). This is the figure used by Dr. Langham in his testimony
of June 5 and is the lower figure of the range specified in FRC No. 3, table 1.

The sum of these average per capita genetic doses is as follows:
Nillivem8

Natural ------------------------------------------------------------- 3, 750
Medical-------------------------------------------------------------- 1,500
Occupational---------------------------------------------------------
Fallout______________________________________________________________ %

Totil ----------------------------------------------------------- 5,325

On the basis of these figures, fallout contributes 6%325 of the total or 1,1
plus percent of the total average per capita genetic dose. (My original state-
ment said “less than 1.5 percent,” which is in agreement with the more precise
value stated above. ) It is my own opinion that the estimates for the various
doses above may be in error by as much as 25 percent each.
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In my statement it was improper to give the fallout figure as 2 millirems per
year, derived by ditiding the 30-year dose by 30. However, the value was not
used MS way in my calculations.

Again, referring to the tabulation above, the average per capita contribution
of medical exposugcsto the $30-yeargenetic dose is ls~~ or 28 percent of the
total per capita dose., Compared with background, the mwlical contribution
would be lb~?~ or 40 percent.

With regard to the legitimacy of comparing doses such as 1 have done above,
I quote from my own publication on this subjeet, “One must use great caution
in using such data, because the various exposures indicated are comparable only
for very limited conditions. There is no real basis for comparing the effects of
TV radiation with that from K“ or Sr* in the body.”

Studies of the dose to the population resulting from medical procedures were
carried out for the United Nations Scientific Committeeon the Effects of Atomic
Radiation by a joint study of the International Commission on Radiological
Units and Measurements and International Commission on Radiological l?ro-
tection. The ICRU and ICRP in their 1957 and 1961 reports dealt with the
methodology and preliminary data to be employed in surveying and evaluating
medical exposures on a national scale. I personally participated throughout
the studies by the latter groups. The study for UNSCEAR covered the follcvw-
ing countries: Argentina, Denmark, Federal Republic of Germany, France, Italy,
Japan, Netherlands, Norway, Sweden, Switzerland, United Kingdom, United
States of America, U.S.S.R., United Arab Republic. Since the conditions in
countries vary and since nationrd techniques for collecting and evaluating
the data may dMer, it is not proper to average the results across countries.

In any case, the TJ.S. lignre appears to be near the upper end of the range for
these countries. This may be due to our more extensive use of X-ray diagnostic
procedures, less discrimination in the use of radiation, less well-protected equip-
men~ the difflcrdty of analyzing the problem in a country as large as the United
States (as compared, say, with Denmark) or other causes. Our equipment
is as well (or better) protected as any in the world. Our radiologists are as
well trained and qualified as any in the world.

In the United States, however, we probably have a larger fraction of our
X-ray equipment in the hands of general practitioners than in many other
countries (e.g. United ICinglom, Denmark, Sweden). This may account for
some unnecessary expwmre, but this has not been demonstrated. It is probable
that the main reason for the higher per capita genetic dose in the United States
is our higher per capita use of X-rays in the first place. This is not to imply
that procedural improvements should not be sought after and introduced when-
ever compatible with securing the d~ired diagnostic results.

For your information and inclusion in the record if you so desire, 1 attach
a copy of the second ICRU\ICRP report entitled “Exposure of Man to Ionizing
Radiation Arising from Medical Procedures with Special Reference to Radiation
Induced Diseases”

Representative PRICE. If you desire to present a comment on the
Federal Radiation Council report, you may do so, Dr. Taylor.

Dr. TA~E. Thank you.
Representative PmcE. If there are no further questions, thank you

very much, Dr. Taylor.
The concluding witness for this afternoon’s session will be Dr.

Charles Dunham, Director of the Division of Biology and Meclicine,
U.S. Atomic Energy Commission.

Dr. Dunham, please proceed.
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STATEMENT Ol? C. L, DUNEAM, M.D.,’ DIRECTO& DIVISION OF
BIOLOGY AND MEDICINE, US. ATOMIC ENERGY COMKISSIOIV

Dr. DUNHAM. Mr. Chairman, it is a p~vilege”ti’ appi%r before this
committee which has taken such a constructive interest in radiation
protection standards and in fallout from the testin of nuclear weap-

fens. You have. recognize$ in the planning of t ese, hearings that

‘YuYEr0nmaY”af”5ed that summamze in advanca of testimony by the
experta our current knowledge about radioactive f allout from the test-
ing of nuclear weapons with special emphasis on knowledge accrued
since the 1959 hearings.

The Atomic Energy Commission, during this period, has done its
utmost to take advantage of the ab~nce of testing to gain as much
knowledge as possible shout fallout. Much of this new knowledge is
summarized in the report of the fallout conference held at German-
town, November 15–17, 1961. This report has already been made
available to you.

With the resumption of atmospheric testing by the U.S.S.R. last
fall and more recently by the Umted States, we are intensifying our
fallout studies. These new injections of radioactive debris into the
atmosphere a.t different latitudes and a wide range of altitudes afford
a unique opportunity to extend further our understanding of the
mechanisms involved in the transport and distribution of fallout; in-
formation not only of significance in terms of weapons txsting and

I Curriculum yitae, Charles L. Dunham, M.D. :
Born: Elvanston. IIL. December 28.1
Education: Evtistori Townahi ~g!”$%ool; 5A., Yale University, 1929; M.D., Rush

MedicalCollege,Univerait of Cheago,1933.
[fI!lxperienee:Interneda University of Chicago clinks, APrU 1933 to June 1934. Assist-

ant resident in medddne at New Haven Hospital, New Haven, Corm., June 1934 to l?ebru-
ary 1935. Full-time assistant in medicine, Billin
Chicago. working in the i?astrointest!nal cIlnlc, later E &%%&%%l%%%oE!oT;;3E
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nuclear war, but also of significance in terms of the application of
nuclear energy to our space program.

During your committee hearings in June 1959 on the biological and
environmental effects of nuclear war, it became apparent that the 1957
edition of the Effeote of Nuclear Weapons required updating. The
Department of Defense, with the full cooperation of the AEC and its
1aboratori~ has completed the revision, and the 1962 edition was
issued May 8, 1962.

The detonation of nuclear devices produces fission products in
greater or lesser amounts depending on the characteristics of the par-
ticular device em Ioyed.

$
Fission devices, which are generally in the

low yield range, erive their explosive force from nuclear fission which
gives rise to amounts of radioactive fission products roughly pro r-
tional to explosive yield. rThermonuclear devices have a large rac-
tion of their explosive force produced by a thermonuclear or fusion
reaction. Su~h devices derive only a part of their ex losive force

$from the fknon reaction. Of the fission products pro uced in the
fission reaction, those with the greatest potential health significance
are Sr”, CS’3’, 113’, Sdg, Ba-La’40, and Zr-Nb’5 (half lives 28 years, 30
yews, 8 days, 54 days, 13 days, and 65 days respectively).

Thermonuclear reactions may give rise to tritium (radioactive
hydrogen, half life 12.8 years). The very large number of neutrons
released in the reactions transform nitrogen m the air into radio-
carbon (carbon 14, half life 5,760 years).

In addition, the neutrons produced in either fission or fusion reac-
tions induce radioactivity in certain chemical elements used in the
construction of the devices themselves. If detonakd from towers,
radioactivity is induced in the materials of the towers, and if deto-
mated relatively close to a land or ocean surface, in elements in these
surf ace, materials. Most of these induced activities are, aside from
c~rbon 14, short lived and although they may be very important con-
stltuent.s of early or near-in fallout, they have little health significance
in worldwide fallout. Fefig, Mn54, Si’31, C138,Na24 with half lives of
47 clays, 310 days, 2.6 hours, 37 minutes, and 14.8 hours, respectively,
are the most prominent ones.

Measurable amount of Zn”, half life 250 days, and Co’”, half life
5.3 years, have also been detected in fallout. Plutonium and uranium
isotopes, basic materials in the fissionable components of nuclear
weapons, are also contained in fallout material.

There are three different classes of fallout from tests local or
near-in fallout, tropospheric fallout, and stratospheric fal~out.

(see fig. 1, p. 34.)
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The local fallout is material that falls out close to the point of
detonation, tropospheric fallout travels around the world and the
stratospheric fallout which behaves quite differently from the local and
tro pheric fallout.

P he relative abundanm of each is determined by the nature of the
weapon, its yield, and the conditions of detonation, particularly the
altitude.

Local or near-in fallout occurs when the fireball of the bomb
touches or comes sufficiently close to the ground to draw up into the
vaporized cloud matter from the surface of the earth. The radio-
nuclides produced by the explosion may be deposited on or incor-
porated into this material depending upon whether or not the latter
is more or less completely fused or totally vaporized. After the fire-
ball cools, the larger particles deposit on the earth over a period of
from a few minutes up to many hours after the detonation. This
constitutes the local or near-in or early fallout which for small
weapons may extend out from the point of burst a few miles and cover
tens to a few hundreds of square miles while for me aton weapons

5it may extend out to several hundrecl or more ml es and cover
thousands of square miles.

Tro ospheric or latitudinal fallout is a more delayed fallout of
Ethe de ris which has not penetrated the tropo~ause to the stratosphere

and the particlo size of which is such that It does not fall rapidly.
It occurs over a period of 2 weeks to a month or so after a detonation
ancl consists of relatively fine material ( a few micra to small frac-
tions of a micron) suspended in the lower part of the atmospher~
the troposphere, where rain and other weather phenomena occur.
It is carried around the world in the same general band of latitude
as that of its origin although excursions of tropospheric debris as far
as 20° to 30° from the test latitude are not uncommon. Tropospheric
fallout from tests at temperate or polar latitudes does not in any
si=~ificant amount crow the equator. It is deposited on the earth~s
surface by weather events, principally rain or snow and possibly to
some extent by dew, dry deposition being important onl in relatively
arid areas. i“Thus, the distribution of tropospheric fa lout is deter-
mined generally by the paths of air masses passing over the site of
formation, with factors such as local weather conditions and distance
traveled (in thousands of miles) cletermining regions of greater (“hot
spots”) or less concentration.

Tropospheric fallout has contributed significantly to the radio-
active debris in the Northern Hemisphere as a result of weapons
testing in the Pacific, in NTevada,and by the U. S. S.I%.

The principles stated above for near-in and tropospheric fallout
were apparent at the time of the 1959 hearings. Since then there has
been some refinement in our knowledge of the tendency for local or
near-in fallout to contain greater amounts of certain fission products
as compared to others, and the tendency for the closer in fallout
particles to have certain nuclides in a less soluble form than the smaller
particles which predominate farther out. This affects the availability
of these nuclides for early incorporation into the food chain via the
soil. Additional information on these points has been developed from
analysis of data collected prior to 1959. IJOcd fa]]out col~sists in hr~e
part of larger particles vvhich tend to f all out first. These particl es are
somewhat poorer in Sr 90as comparecl to the finer pzrtic]es which fall

.:,
..,,,,
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out at greater distances. This fractionation is most pronounced in
the case of low-yield, land-surface bumts and least in air bursts and
very high yield bursts.

The particle size distribution in the debris cloud from a land-surface
burst, and hence in the fallout, shifts with time toward the smaller
sizes which contain a larger proportion of fission products relative to
earth material. This is because the larger particles fall out first. The
fraction of the nuclide; which is soluble and hence immediately avail-
able biologically, tends to increase with time and distance from the
burst. Actual measurements at the Nevada test site show a low ratio
of biologically available to total Sr 90 within a few miles from the
burst point as compared with the ratio at greater distances. The ratio
of Sr ‘o to total fission products in the closer in area is also low.

Irregularities and “hot spots “ in the distribution pathway of the
fallout within the first few hundred miles have been observed unre-
lated to rainstorms which seem to be the principal immediate cause of
“hot spots” farther away. Irregularities of terrain and small-scale
irregularities of the wind field m time and space are probably re-
sponsible, however, present meteorological data are inadequate to
account for and hence precisely predict them.

On the other hand, upper wind observations closely spacfid in time
have permitted substantial improvement in predicting the direction of
the major axis or “hot line” of the fallout pattern.

Stratospheric fallout has somewhat different characteristics and
distributions. It consists of particles which rise into the upper at-
mosphere and which are too small to fall out as local or tropospheric
fallout during the first month following their formation. Because of
their small size, 0.01 to I micron (one-millionth to one ten-thousandth
of a centimeter in diameter), they are removed from the atmosphere
slowly and their average time of suspension, depending on their initial
placement in the stratosphere, is a matter of several months or years.
The distribution of both artificial and natural radioactivity in the
stratosphere, and the time scales and mechanisms involved in their
transport and deposition on the surface of the earth, have received
considerable study, and during the past 3 years a number of significant
advances have been made in understanding these phenomena.

It has become clear now that the princi al mechanism of transport
{of these particles from the lower stratosp ere into the troposphere, i~

downward movement of air masses. The hypothesis put forward in
the 1959 hearings of a spring maximum and a fall minimum of strato-
spheric fallout in the Northern Hemisphere has been established by
observations made in the absence of recent testing during 1960 ancl
1961. A similar thou@ less pronounced seasonal variation was ob-
served in the Southern Hemisphere.

hTow if I may have the next chart (see fig. 2 ) it is now quite apparent
that tropospheric concentrations and deposition rates of stratospheric
debris are higher in the middle latitudes (20° to 60° ) of both hemi-
spheres than they are at the Equator, regardless of the latitude or alt i-
tude of the stratospheric injections. You can see in this chart I hale
indicated in the gray area the middle latitudes where most of the fall-
out tends to accumulate regardless of our original point of injection
into the stratosphere. I also have indicated the general latitucle of
various places around the world where testing has been carriecl out.

..:
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Poleward from the middle latitudes the total deposition of strato-
spheric debris decreases with decreasing precipitation (rain and
snow). It should be noted however that there does not appear to be
a strongly decreasing trend in air concentration and concentration in
precipitation from the middle latitudes poleward.

lMaki
Y

use of planned and incidental tracers in debris from the
specific etonations, and taking advantage of changing SF9/Sr90 .s:!:~{:,:,,:,,,~,,,
ratios with time from different series of tests, we can now with con- ( ‘V~ “~!~: .: : ‘;’!’X: ~ ‘“~‘?!~~~~:~’i{~~;::~~:~~~~!’~:~

., :,,,:,;,. ..,!,,., :.

siderable certainty makes estimates of residence time in the strato- , ~ <’!/?’’’:’;’ ‘“ : ““:‘
sphere for debris introduced at certain locations in the stratos here.

... . . . ..

x1. More than 50 ercent of the debris from the 1958 U.S.S.R. retie
1?tests in the range o a few hundred kilotons to a few megatons injected

into the lower stratosphere (30,000 to 90,000 feet) was deposited in the
Temperate Zone of the Northern Hemisphere during the spring fol-
lowing injection.

2. Debris from equatorial tests in the low megaton range exhibited
a half-residence time of the order of 1 year during the first year and
increasing somewhat in half-residence time after 1 year.

.:,.., **.+$*#;*;....,:,.:+,....~.,,.,,W(:i?v;t$!..*.,)>.t!*q&!:g%?:ti&l*;.!.>.7.WQW;:,.,:..,.

3. Debris injected at a very high altitude (greater than 130,000
feet ) near the Equator began to appear in the lower altitudes after 1
year and has been deposited at a rate corresponding to a half-residence
time of at least 3 years.

There is still to be determined the relative roles of horizontal trans-
port and vertical transport in the holdup of high altitude equatorial
debris. Also, we have yet to learn -whether the fallout pattern from
a debris cloud, such as that from the U.S.S.R. 55 to 60 megaton detona-
tion of October 1961 which reached an altitude of 130,000 to 170,000
feet in the Arctic, will behave more like very high altitude equatorial
debris, like low stratospheric arctic debris, in some intermediate
fashion or in some different fashion alto ether.

fSo much for the transport and distri ution of fallout. Let us turn ::l!$ :
now to techniques for estimating fallout rates in a given geographic
location. Surf ace air sampling techniqum have changed little in the
past 3 years. These samples, when held for 4 to 5 days to permit
decay of natural radioactivity and then analyzed by gamma ray spec-
troscopy, give an index of the concentration in the air at ground level
of important gamma-emitting fission products (cs’sT, 113’ and
zirconium-niobium isotopes) in the tropospheric or relatively fresh
fallout and of 0$’s’ in stratospheric fallout. These readings do not
relate directly to final deposition on the ground. I think it is im-
portant to keep this in mind.

The latter information must be derived from analysis of soil ancl
vegetation or from material collected in pot or funnel systems as the .:.
greater part of the radioactive debris is brought to earth in rain or
snow.

In the 1957 hearings it was su gested that CS137 in milk ancl in
?Ilumans might prove to reflect, fa lout rate more than ac.cumulate(l

fallout. Data presented in 1959 made this even more plausible. Today
ihere can be no question but that this is the case. The milk levels
which peaked in the spring of 19.;9 had fallen by later summer of I!)61
to ~bout one-eighth that value. J,evels in humans tend to lag beh ind
milk levels by about 6 months.
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Sr90 in ~i]k and man has a large component related to uptake in
plants of accumulated Sr90 in the soil. This is evident from the fact
that milk values which peaked in the early summer of 1959 had fallen
by no more than a factor of about three b the summer of 1961:

8It now appears that the overall ratio of r’” to calcium m the infant
bones in this country to the Sr”Oto calcium ratio in their diet is about
0.5. Studies on 1- to 2-month-old infants sug est the ratio may be
as high as 1.0, insofar as milk is concerned. %y early childhood it
has fallen to 0.25. Whether this than e reflects change in diet habits

%or it is related to the changes in the p ysiology of absorption of Sr90
from the gastrointestinal tract, or merely reflects less demand for
calcium-like elements, is not certain.

The most recently available data from human bones in the United
States indicate an average of about 3 strontium units in infants in
1961 and 1 in adults. A strontium unit is one micro-microcurie of
strontium 90 per gram of calcium.

Values ran d up to 5.1 in infants.
F

These data are consistent with
UK mean va ues of about 3 and 0.3 for 1960. Most of the data on
bones and diets of Eskimos in Alaska run about 25 percent higher than
for the United States as a whole. Further, a few samples of adult
Eskimo bone are about four times these figures suggesting that cer-
tain individuals are eating food, presumably caribou meat, which is
exce tionally high in S~.

i
No bone data are ~vailable from a know-n

cari ou-eatin tribe, but Sr90 in urine from adult persons in such tribe
fsuggests that one deposition is four times that in persons on a caribou-

free diet. Samples of caribou meat have shown as much as 190
strontium units. Meats are relatively low in calcium compared to
milk. Swedish data on CS13Tin reindeer meat have shown exception-
ally high Cs137/’K ratios. In fact, some individuals are at or sl?ghtly
above the generally acce ted permissible levels for the population.

fIt was expected that s’” and Sr’O in the diet would begin another
rise this spring. In fact, the most recent data from the Argonne
National Laboratory shows a rise in CS137air concentration though not
at an alarming rate.

By 1957, data had accumulated indicating that tropospheric fall-
out resulted in sufficient 1131in food that ~t could be measured in
human urine, and human and animal thyroid glands.

The 1959 hearings brought out the importance of 1’3’ in cows’ milk
as a source of 113=in the thyroid gland of infants. Available data on
1’3’ in milk supplies indica;ed that the average U.S. infant received
0.1 to 0.2 rad exposure to the thyroid gland in the period May–Sep-
tember 1958. No more raitioiodine resulting from weapons tests was
observed in milk supplies until October 1961 following the resump-
tion of nuclear weapons testing by the IJ.S.S.R. Actual measure-
ments of 1131in New York City infants, October–December 1961, in-
clicate an average exposure of about 40 millirad. Infants in certain
other cities such as omaha., Nebr., presumably had higher exposures
in view of the fact that 1131values in milk were 2 to 3 times those for
New York City milk. Milk seems clearly tc) have been the principal
source of the 1’31.

As far as our knowledge of the biological effects of fallout is con-
cerned, the newer observations all indicate that the hypothesis of
strxight proportionality of effect irrespective of dose and dose rate

;
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Frovides upper limiting estimates of the p~ible number of cases of
eukemia and bone cancer and curtailment of average lifespan that

might result from chronic exposure to fallout radiation from weapons
tests.

The true values will probably lie below these. .4s FRC Report No.
3 has said:

Dose rate is important: within certain limits a protracted dose is much less
ett%ctivethan the sanw total dose given in a short time.

New data on genetic effects have strengthened the view that con-
tinuous low-level radiation exposure of the gonads of a population is
one-fourth and maybe one-sixth as effective as higher dose rates in
producing gene mutations.

The production of thyroid cancers in persons who as infants received
therapeutic radiation of 150 rad and more at relatively high dose rates
to the thyroid gland or to the head and neck region is an established
fact. Incidentally, these cancers have for the most part responded
remarkably well to treatment. The significance of these observations
with respect to possible thyroid cancer induction from much smaller
radiation doses due to 11*1accumulations in infant thyroids as a result
of nuclear testing is uncertain.

A full and up-to-date discussion of the health implications of radia-
tion including fallout. radiation has been developed by the U“.N. Scien-
tific Committee on Effects of Atomic Radiation, and their report will
be published in the late summer.

Chairman HOLIFIELD.Mr. Chairman, I would like to stop there and
have you give us what information you have on the composition of this
United Nations Scientific Committee. Do you happen to have the
names of those people, the countries they come from, and their stand-
ing as scientists’?

Dr. DUNHAM. I can give you an answer for it now, but I would like
to rovide a full statement for the record. It represents 15 nations.

[ The information reqnasted follows:)

DELE~ATZS OF STATES MEMBERSOF THE SCIENTIFICCOMMITTEEONTHE EFFwrs OF
ATOMIC RADLATION

Argentina :
Dr. Dan Benison, National Commission of Atomic Energy.
Dr. Juan G. Flegenhehner, National Commission of Atomic Energy.
Mr. Alejandro Placer, National Commission of Atomic Energy.

Australia:
Mr. D. J. Stevens, director, Commonwealth X-ray and Radium Laboratory.
Dr. A. M. Clark, prof~or of zoology, University of Tasmania.

Belgium:
“Prof. J. A. Cohe~ Medisch Biologisch Laboratorium RVO/TNO, Riiswijk,

Netherlands.
Dr. J. Block.

Brazil :
Dr. Carlos Chagas, professor at the Iustitute of Biophysics, University of

Brazil, Rio de Janeiro.
Dr. C. Pavan, director, Department of Biology, Universi@ of Sao Paulo.
P’ather Francis X. Roser, S.J., director, Institute of Physics Catholic Univer-

sity of RIO de Janeiro.
Dr. Luiz Itenato Caldas, Instituto de Biotl’sica.

i
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Canada:
Dr. E. A. Watkinson, head of Environmental Health Divisio~ Department of

National Health and Welfare.
Dr. F. D. Sowby, senior medieal oiiicer, Radiation Protection Division, De-

partment of National Health and Welfare.
Dr. W. E. Chxunmit~ Biology and Health Physics Division, Atomic Energy of

Canada Limited.
Dr. H. B. Newcombe, BioloKY and Health Physics Diviaiou Atomic Energy of

Canada Lhnited. ‘-
Dr. G. H. Joaie, Department of National Health and Welfare.

Czechoslovakia:
Prof. Dr. Ferdinand Hercik, director, Institute of Biophysics, Brno.
Prof. Dr. Frantisek Behounek, hea& Dosimetry Section, (!-zech Institute of

Nuclear Physicr$ Prague.
Dr. Ludvik, Novak, expert for somatic effects.

France:
M. Ie Prof. Louis Bugnard, Directenr de l’Institnt National d’Hygiene.
M. le Dr. Henri JammeL Chief du Service de Protection entre les Radia-

tions au Commissariats de l’Energie Atomique.
M. le Dr. Jerome Lejeune, Centre National de la Recherche Scientitique.
M. Gerard Lambe~ Commissariats de l’Energie Atoraique.

India:
Dr. A. R. Gopal-Ayengar, chief scienti5c oflicer and head, Biology and Med-

ical Divisions, Atomic Energy Establishmen~ Trombay, Bombay.
Mr. P. N. Krishnamoorthy, research ofiicer, Health Physics Division, Atomic

Energy Establishment, Trombay, Bombay.
Dr. K. G. Vohra, research officer, Government of India, Atomic Energy Es-

tablishment.
Japan:

Dr. Kempo Tsnkamoto, director, National Institute of Radiological Sciences.
Dr. Yoshio Hiyam& professor, faculty of agriculture, Tokyo University.
Dr. Eizo Tajima, professor, faculty of science, R&kyo University.
Dr. Yataro Tajima, head of Department of Morphological Genetics, National

Institute of Genetics.
Dr. Yasuo Miyake, professor, Tokyo University of Education.
Dr. Motowo Kimura, National Institute of Genetics.
Dr. Ryushi Ichikawa, National Institute of Radiological Sciences.

Mexico:
Dr. Manuel Martinez Baez, Institute of Health and Tropical Diseases.
Dr. Fernando Alba Andrade. Institute of Physics, National University of

Mexico.
Dr. Horatio Zalce, director, Oncologic Hospital, Mexico City

Sweden:
Prof. R. M. Sievert, Institute of Radiophysics, Stockholm.
Prof. Torbjorn O. Caspersson, Karolinska Institute, Stockhohn.
Dr. A. G. A. Nelson, assistant professor in radiobiology, Chief, Division of

MecIk!ine,Research Institute of National Defence, Stockholm.
Dr. Bo Llndell, Institute of Radiophysics, Stockholm.
Prof. K. G. Luning, Institute of Genetics, University of Stockholm.
Dr. Lars Fredriksson, Royal Agricultural College, Uppsala.

Union of Soviet Socialist Republics:
Prof. A. M. Knzin, corresponding member of the U.S.S.R., Academy of

Sciences.
Dr. N. A. Kraevsky, U.S.S.R., Academy of Sciences.
Prof. V. Klechkovsky, U.S.S.R., Academy of Agricultural Sciences.
Prof. O. Leipunskii, U.S.S.R., Academy of Sciences.
Dr. V. Shtukkenberg, Academy of Medical Sciences.
Dr. M. A. Arsenieva, U.S.S.R., Academy of Sciences.
Dr. V. T. Kozlov, U.S.S.R., Academy of Sciences.
Dr. V. Terentiev, Academy of Sciences of the U.S.S.R.

United Arab Republic:
Dr. M. E. A. E1-Kharadly, associate profeksor and cancer specialist,

University of Alexandria.
Dr. K. Mahmoud, Head, Radiation Protection Department, Atomic Energy

Establishment Cairo.
Dr. M. M. Mahfouz, lecturer in radiotherapy and oncology, University

of Cairo and Head of the Medical UniL Atomic Energy Establishment.
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United Kingdom of Great Britain and Northern Ireland:
Dr. E. D. Pochin, director, Medical Research Council’s Clinical Research

Department, University College Hospital Medical School, London.
Dr. W. (3. Marley, Head, Radiology Protection Division, United Kingdom

Atomic Energy Agency, Harwell, Dldcot.
Dr. A. C. Stevenson, Medical Research Council, Population Genetics Research

Unih Oxford.
Prof. L. F. Lamerton, Physics Department, Institute of Cancer Research.

Sutton.
Dr. Scott Russell, Agricultural Research Council, Radiobiological Labora-

tory, Grove, Wantage.

United States of America:
Dr. Shields Warren, professor of pathology, Harvard University, Cambridge,

Mass.
Dr. Austin M. Brues, Director, Division of Biological and Medical Research,

Argonne National Laboratory.
Dr. CharIes L. Dunham, Director, Division of Biology and Medicine, Atomic

Energy C%nmisaion.
Dr. John Harley, Health and Safety Laboratory, New York Operatims

05ce, Atomic ‘kergy Commission.
Dr. William L. Russell,OakRidge National Laboratory.
Dr. Arthur Upton,OakRidge NationalLaboratory.
Dr. Max R. Zelle,Argonne NationalLaboratory.
Dr. Paul Tompk@ O~ce of Radiation Standards, Atomic Energy Conl-

mission.
Dr. John R. Totter, Department of Biophysics, University of Georgi o,

Athens, Ga.
Dr. Lester Machta, Chief, Meteorological Projects Section, Weather Bureau,

Washington, D.C.
Dr. C. L. Comar, Laboratory of Radiation Biology, Cornell University,

Ithaca, N.Y.

Chairman HOLIItIELD. I woulcl suppose these are the advancec] na-
tions that have physicists and geneticists ?

Dr. DUNHAM. They are representative nations. They are Australia,
Canada, United States, United Kingdom, Japan, Mexico, .krgentinn,
~razil, United Arab Republic, India, Czechoslovakia, U. S. S. R.,
Belgium, France, Sweden. I may have left something out.

~hairman HOLIFIELD. .4nd the United States.
Dr. DUNHAM. Including the United States. Each country has

sent very clearly its most competent and outstanding people in the
field.

Chairman HOLIFIELD.It is your professional opinion, then, that
conclusions reached by this group would be scientifically meclible
and of scientific respect throughout the world!

Dr. DUNHAM. I feel so. It is a group of considerable stature.
They spent a tremendous amount of time developing information and
going over the available data and I think when their report comes
out one can have full confidence in it.

Chairman HOLIFIELD.Would it be fair to say that it is the ron-
sensus of opinion arrived at by compromise between possible ran .ges
of viewpoints?

Dr. DUNHAM. Not this last session. There may have been some
discussion, and Dr. Tompkins -was there much more of the time than
I was, about just how much fallout occurred and where. But, in
terms of biological effects there was perhaps more a~reement between
the scientists ihan
came out in 1958.

there was at the’ first ~o-around, the report tl~at
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Chairman HOLIFmLD. Then you would say that it was a reasonable
consensus of opinion rather than a controversial opinion that was ex-
pressed in the conclusions?

Dr. DUNHAM. Very definitely.
Representative PFUCE.And not a compromise situation?
Dr. DU~HAIW No.
Chairman HOL~LD. Would you say that the science of genetics

was well represented there as well as somatics ?
Dr. DUNHAM. Yes. It was represented from this country by peo-

ple like Dr. Russell and Dr. Zelle. I don’t remember offhand who
else was there. Paul may remember. Dr. Stevenson from England
who is probably the world’s outstanding human population geneticist
represented his country. No; it was a good representation.

Chairman HOLIFIELD.Them working papers have been furnished
you and the other people in the Atomic Energy Commission?

Dr. DUNHAM. Yes; we have seen them.
Chairman HOLIF~. I understand that Dr. Taylor has a set of

them. While these have not been published yet, they will shortly be
published.

Dr. DUNHAM. That is right. They are practically in press now.
I imagine many of the chapters are actually being printed now.

Chairman HOL-LD. Dr. Tavlor indicated that the delay was one.
of editing.

Dr. DUNHAM. That is correct.
Chairman HOLIFIELD.Rather than a conspiracy.
Dr. DUNHAM. No. It is just a matter of having the staff of the

Secretariat editing the papers.
Chairman HOLIFIELD.And these papers will be available to eople

Pthat had a definite competence in this field to look at, I suppose.
Dr. DUNHAM. Yes.
Chairman HOLIFIELD.In other words, you have these apers, and if

any person credible in the scientific disciplines w-ante$ to see these
papers they are available ?

Dr. DUNHAM. They are.
Chairman HOLIFIELD.I wanted that to be clear on the record be-

cause there was some indication perhaps, or the impact of some of the
questions that maybe this was not being made available as soon as
possible.

Dr. DUNHAM. ATo; they are working on it as hard as they can.
Chairman Hommmm Thank you.
Representative PRICE. Will you proceed.
Dr. DUNHAM. 1 was asked by your committee to discuss briefly a nu-

c]ear war scalewise as compared with fallout, from weapons tests ancl
to comment on hazard criteria.

It is important to stress that in the testing of nuclear weapons over
the past 10 years we have made extraordinary efforts to mimmize not
only blast and thermal effects but local fallout in populated areas.
Population radiation exposure levels, with the exception of relatively
small population groups such as the Rongelap Island people have
been well below accepted levels for normal peacetime activities.

ln nuclear war, it is fair to assume that the reverse wotdd be the
case. For instance, in the hypothetical nuclear war which formed
the basis for the 1959 Joint committee on Atomic Energy hearings

8685s-e2-@. 14
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on the biological and environmental effects of nuclear war, it was
assumed that over a relativel brief period of time, probably not more

1than a day or two, a total o 3,946 megatons were detonated. All of
the 263 nuclear weapons which were delivered on the United States
were detonated on the ground at 224 locations within the continental
United States. The yield was 1,446 megaton TNT equivalent and 723
megatons of fission, roughly six times the total yield of weapons tests
through 1961 (280 megaton explosiv&l17 megaton fiesion ). The
effects on our people, however, would have been dramatically different.
Unprepared w we were on that date, it was estimated that there would
have been 50 million fatalities, about 12 million of which would have
resulted from fallout. There were estimated 20 million seriously in-
jured; 50 percent of dwellings were estimated to have been destroyed or
rendered unusable for a period of several months. It is altogether con-
ceivable that an all-out nuclear war could involve several times the
megaton yield of this example; in which case the effects would be even
greater. For comparison, the present concern over the Po=ible eff@s
of fallout from weapons tests to date, has to do with a zero to one one-
hundred-thousandth chance of development of leukemia, zero to one
thrw-hundmd-thousandth chance of developing bone cancer, and a
one one-millionth chance an infant being born with a gross physical
or mental defect among the first generation offspring.

This should make it clear that in a nuclear war situation in which
survival of a whole people is at stake, a totally different set of standards
of radiological protection must be invoked. Report No. 29 of the Na-
tional Committee on Radiation Protection offers criteria that are
applicable to this situation. It is significant to note that this report
sug ests that exposures to as much as 500 roentgens may be accumu-

%late during the emergency and produce at the time no medically
significant symptoms. This is twice as much as any radiation worker
is permitted to accumulat~ during a lifespan of 70 years under the
radiation protection guides established by the Federal Radiation
Council in Staff Report No. 1. There would still need to be the basic
approach of keeping overall radiation exposures as low as possible.
This approach is compatible with achieving the best possible total
survival and recovery.

Radiation exposures that would be incurred would range from fatal
in a few hours, days, or weeks to exposures comparable to what the
surviving ,Japanese within two to three thousand meters of the hypo-
centera received at Hiroshima and h’agasaki.

Even our annual 40,000 deaths from automobiles pale by comparison
with the nuclear war. Persons in the open in some of the very heavy
fallout areas would have been exposed to three to ten thousand roent-
.gens per hour or more. A very few minutes of that would, of course,
have resulted in fatal exposure. A large percentage of the survivors,
perhaps 20 million people, would have received an average whole body
external radiakion exposure of 2?00 rad, at varying dose rates, far
higher than the 0.15 rad average for the lifetime exposure which has
been estimated would result, from weapon tests through 1961.

As to sr’” and Cs’”, the]- heavily contaminatxl part of the coun-
try (75 to 80 percent of the land mass) would within a few years have
had values of SrgOand es’” in the soil in the range of 20 to 50 times
the levels likely to result from tests prior to 1961. In the more heavily
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contaminated areas, levels up to a few thousand times those predicted
for weapons tests through 1961 would occur.

Let us look at one example of the ~ossible delayed or long-term
medical effects of this nuclear war. Using a straight pro ortionality

$of dose versus effect as an upper limiting case as was one by the
United Nations Scientific Committee on Effects of Atomic Radiation
in its 1958 report, I estimate that SP’O induced leukemias in the 120
million survivors and their immediate progeny would not exceed
12,000 cases in the ensuing 30 to 40 years. It might be ve~ much
less than that figure. The 12,000 figure is based on the assumption that
these persons would carry an average body burden of 200 strontium
units throughout this period of time.

I have assumed that these same individuals would have received an
additional 4 rad of whole body radiation over the same period of time
and arrive at a limiting figure of 14,000 additional cases of leukemia
from that cause. On the other hand, for leukemia induction among
the 20 million survivors who were estimated to have remived in addi-
tion an average exposure of 200 rad during the emergency, there is a
high probability of there being 60,000 cases of leukemia as a result
of this exposure.

For this calculation I have used the 1960 NAS–NRC report as a
basis. The latter predicted 100 cases per 100 rads of high dose rate
exposure per million population in the ensuing 10 to 15 years. This
gives a total number of cases of leukemia of the order of 90,000 and
an average incidence rate of 2,600 cases per year, but it k possible that
in some 1 year a peak of 10,000 cases might occur. Aftar this 30-
to 40-year time period the rate would fall oif as an increasing percent-
age of the population would have body burdens of Srgo of less than
200 strontium units and have whole body radiation exposures of less
than 4 roentgens. It is a parent that delayed effects of radiation

Kwould not begin to approac other causes of death in any year.
Countermeasures to reduce both external exposure and contamina-

tion in food in the period after the war might be worth consideration
as a way to reduce the part of such effects which would result from
the addition of the first two components to the radiation exposure
burden with which the survivors and their progeny would face the
future. In a war of greater magnitude, where residual radioactivity
would be higher and hi h levels would be present over a much greater

%area of the country, t e value of instituting appropriate counter-
measures would be considerably greater.

Representative PRICE. Thank you very much, Dr. Dunham.
Dr. Dunham, on page 8 you state that there is still to be deter-

mined the relative roles of horizontal and vertical transport in the
holdup of high-altitude equatorial debris. What studies on this are
presently being made and what else should be done?

Dr. DUNHAM. we have laid on ever since the Russian tests began
last fall an intensification of our studies both by sampling at high
altitude and by t,aking advantage of a device developed at the Ar-
gonne National Laboratory by Dr. Gustafsonl a gamma spectrometer
which can be sent Up in a small balloon and WII1 telemeter Its reaclings
clown to the ground. We have had several successful flights from
l’hu]e, and we have demonstrated that around 110,000 feet there is
a very definite layer of radioactive material. Also there is a layer
in the general vicinity of ‘70,000 feet. I think the people who will
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discuss these things tomorrow will give you much more detail on

‘h%no::::;;:JI~ OfaEproach”IS 100 mg for possible tracers in the very lar e
&scale detonations, the two large ones of the Russians. We may e

able to trace them quite specifically.
In our own tests in the Pacifi~ tram-s have been introdumd into

certain of the devices so that we can get very ~ood followu data as
Rto where the material from any particular device goes and ow long

it stays in the str~tosphere and where it comes out.
Representative PRICE. Do you expect the 1962 spring fallout meas-

urements to throw any further light on the situation involved in the
Soviet 60-megaton test ?

Dr. DUNHAM. I think we will learn a great deal about it, definitely.
Representative PRICE. Have you had problems in connection with

this so f ar !
Dr. DUNHAM. The problem has been only to gear up fast enough.

We have had a tremendous amount of cooperation from everybody
whom we have asked to hel on it.

Represent~tive PRICE. + ou mention at certain levels of cesium 137,
humans.tend to lag behind the milk level by about 6 months. Would
you explain the reason for this more fully ?

Dr. DUNHAM. Dr. Langham can probably give you a better an-
swer. It is my understanding there are two factors here. One,
cesium is more in meat than it is in milk and consequent y a Izrge
pm-t of the cesium comes into the diet late because meat is held before
it is eaten. The other factor is that the body turns over cesium
relatively rapidly, about 100 days half-life in the human body, and
it takes a while to reach the equilibrium level.

Representative PRICE. On the figures of the amount of strontium 90
in the milk supply, and so forth, as a result of previous fallout, me
they far below the permissible level ?

Dr. DUNHAM. Yes; I think they have been well below the per-
missible level.

Representative PRICE. How far below would you say ?
Dr. DUNHAM. Some of them have gotten as high as 30 to 40 stro])-

tium units from time to time. I think the permissible average levels
for a year for the population as a whole as recommended by FRC are
66.

‘Representative PRICE. The mere presence of any strontium in the
bone structure of a child or adult is hazardous itself. It is the prwence
of any strontium.

Dr. DUNHAM. Certainly no more hazardous than the normal amount
of racliurn in people’s bones. The strontium is not nztural but it is the
same sort of thing. It doesn;t necessarily mean certainly in any given
child that it is going to cause serious trouble.. It is a matter of degree.

Chairman IIoLIFm,L~. You spoke of radium being in the natural
bones of a child.

Dr. I) UNHAM. Yes.
Chairman HOLIFIELD.What is the measurement there in relation to

the strontium 90 which has been absorbed!
Dr. DUNIIAM. In general the radium content of bones on the aver-

age is relatively low. There are certain areas in the country, and I
think Mr. Price knows where I am referring to, in -which the local
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water supplies come from deep wells, the children there have radium
226 and 228 levels that are ~roducmg radiation to the bone two to
three times background. This is many times the dose from levels of
strontium 90 expected from fallout from weapons tests to date.

Chairman Ho LIFIELD.Are the amounts you speak of of strontium
90 absorbed in infants’ and children’s bones, is this enough to start
cancerous action on the bone cells?

Dr. DUNHAM. We don’t know. This is the area that we are trying
to work on very harcL We had a 2-day sixxxon last week with people
from the Argonne and Oak Ridge National Laboratories to get the
final signals on these large-scale multimouse experiments aimed at
trying to get the shape of the curve at these low levels.

AS I pointed out in my testimony, most of the newer information
coming m suggests that when you are talking about a low level chronic
exposur~ situation you are dealing with much less effect than taking
the orlgmal straight linearity proportional curves that were developed
several years ago in relation to acute whole body radiation.

Chairman HOLI~LD. Is this buildup to strontium 90 to, I believe
yOLl said, as much as 60 percent of the maximum permissible level
which has been set----

Dr. DUNHAM. That is not in the bone, sir. That is the general
ground rule for what is permissible in milk. The bones are running
an average of around three strontium units as opposed to 66.

Chairman HOLIFIELD.I am glad to have that clarified. I could
hardly accept the fact that the bones have absorbed up to 40 percent
of the allowable.

Dr. DUNHAM. No.
Chairman HOLIFIELD.The eviclence you have to date is that it is 5

percent.
Dr. DUNHAM. The avera e is about 4 to 5 percent.

fChairman HOL~ELD. O the allowable?
,:,,,>.

Dr. DUNHAM. Yes. There have been a few sam les that have been
%as high as 5.1 strontium units which would be roug y 8 percent.

Chairman HOLIFIELD.When we are talking about micromicrocuries,
as we are talking now, we are talking about the tremendously small
particles or elements, are we not ?

Dr. DUNHAM. We are talking about very small quantities.
Chairman HOLIFIELD.Is there any laboratory evidence to show that

a 3-percent absorption of the allowable has produced somatic effects
to the bones of mice ?

I)r. DUNIIAM. NO; it WOUIC1take several million mice to show that.
We are having enough trouble showing that a hundred times that pro-
cluces an effect.

Chairman HOLIFIELD.I am asking these questions not to mini-
miz~

T)r. DUNHAM. No; this is a practical problem.
Chairman HOLI~LD. But to put it in the proper perspective. I

think this committee’s work in producing the facts is probably the
most valuable work that it has done in that we have tried to bring
the facts out from the most creclible witnesses possible. We leave up
to people the interpretation of those facts. Some of them are inter-
preted in very sensational ways ancl they cause a great deal of concern
and anxiety among people -who are not qualified to recognize the rela-
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tive values that we are talking about. A micromicrocurie means noth-
ing to a layman. They don’t understand that this means a millionth
of a millionth of a curie. They further do not realize the somatic or
genetic effect, that the detection of either the somatic or genetic effect
when you are dealing in such small fractions .of a curie has been
impossible to deterrmne in our laboratories. Because they dO not
realize that, the scare literature that is circulated has caused many
people to quit feeding milk to their children or in some instances to
quit feeding bread made from wheat in certain areas of the country.
I think it is very important that this be understood without exaggera-
tion either upward or downward and in its true relation to its facts.

Dr. DUNHAM. That is why I think this FRC report will be a very
helpful supplement. to your proceedings.

Representatives PRICE, Dr. Dunham, in your statement you referred
to uptake in plants of accumulated strontium 90 in the soil. Does this
mean that strontium 90 continues to contaminate food long after the
fallout has stopped coming down ?

Dr. DUNHAM. That is right.
Representative PIUCE. Is this true of cesium 137 ?
Dr. DUNHAM Much less so because cesium tends to et bound in the

fsoil. The strontium stays much more readily availa le.
Representative PRICE. I think you said someone else would be in a

position to deal with these temporary heavy fallouts in different areas.
Dr. DUNHAM. That is right. You are talking about radioiodine ?
Represent ative PRICE. Yes.
Dr. DUNHAM. I believe somebody from the Public Health Service

is going to give the more recent clata for the lzst few weeks on iodine
131 in the milk.

Representative PRICR. Does Argonne have a national monitoring
effort to determine the amount of fallout throughout the country, ?

Dr. DUXHAM. Argonne itself has been monitoring fallout since
1952. They were the first group to actually measure and point up
the importance of short-lived gamma emitting activities as far fis
the whole body exposure from fallout is concerned. They were ~ble
to identify and measure the zirconium-niobium component and barium-
Ianthanum. I think that material first appeared at the last hearings.

Representative PRICE. Tl%at do you mean by cesiurn 137 air concen-
tration’?

Dr. DUNHAM. Just how much passes by in the air but it doesn’t
necessarily get down in the ground or food unless the rain brinps
it down.

Representative PRICE. In a given area?
Dr. DCT~HA~. That is right.
Representative PRICE. YOU speak of newer observations all indi-

cating the hypothesis of the straight proportionality of biological ef-
fect. What, me these newer observations i

Dr. DUNHAM. 1 might mention a few. 1 think first and perhnps
one of the most interesting is the fall off in the number of new cases
of leukemia in ,Japan among the surviving population. The straight
proportionality figures and estimates based cm that, assume that tl~ese
number of cases would cent inue. Similarly, the study in England of
the arthritis cases that got radiation therapy, there have been no new

.
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cases of leukemia in them in the last few years. This is why the
academy report talks about so many cases in the first 10 or 15 years.
So much for those.

Then there is the data that Dr. U ton and Firth and a number of
people developed on 7,000-odd gree n%ouse mice which were subjected
to acute whole-body radiation in which he found there seemed to be an
optimal doss for each type of leukemia and cancer that was induced.
The miimte you varied from that dose you got into a much lower in-
cidence of that particular effect. The group at Argonne have just
finished and are reporting on an experiment involving about the same
number of mice showing that in terms of lifespan the time you get
down below 5 roentgens per day, which is still a fairly high dose rate,
other factors seem to be more important in effecting the hfespan than
the radiation itself, except in articularly rugged creatures.

Representative HOSMER. ? ou mean by other factors, unrelated to
radioactivity f

Dr. DUNHAM. General health of the animal and that sort of thing.
Then one other very interesting group of experiments was done by

Dr. Mole at Ha.rwell in England. He has by varying the dose and
using fairly high dose rates and giving a total dose of 700 roentgens
over a period of 6 or 7 weeks obtained the mxximum cases of leukemia
in his mice. If he uses a continuous low level exposure up to the
same dose over the same period of time it is very much lower. All
of these things point in that direction. They do not necessarily prove
or indicate that there is a threshold but certainly the effects, as the
FRC said, are very much lower from low dose rate continuous chronic
rate of exposure.

Chairman HOLIFmLD. With a massive dose you have a destruction
of the red corpuscles where in the gradual dose you have the regenera-
tive effect in the blood of replacing the corpuscles that have been dam-
aged or killed.

Dr. DUNHAM. This is certainly one of the factors.
Another thing I might mention. Davies, a British plant geneticist,

has shown there is a big dose rate effect in somatic mutations in plants.
It is hard to get at somatic mutations in humans. But in plants yol~
can do this. He has found a factor of 10 between 85,000 roentgens
per hour and 25 roentgens per hour in somatic effects. This I think
is important because much of the proportionality hypothesis was
based on the idea that maybe these effects were clue to somatic. mu-
tations.

Representative PRICE. Mr. Ramey.
Mr. RANIEY. Dr. Dtlnham, I think each session we have on this sub-

ject we always inquire as to the status of research generally in the
field of fallout. Are you getting enough financial support these days?

Dr. DUNHAM. I ought to ask Mr. Hollnnd about th~t if you are
talking about the sampling program. I think we will g-et enollgh
support.

Mr. RAMEY. Not just sampling but research on ]OW level effects.
Dr. DUNHAM. I think we are moving as fast as the available man-

pol~:r. will let us. Perhaps not completely optimal. We have the
fa.clhtle~ no?, thanks to your comnlittee. I think ~ve are moving
fihead with this pro~gram all right now.

,.,.,{..
!>
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Mr. RAMEY. Would it be possible to give us a little supplementary
statement on how muoh money is being expended in this general field
comparable to the statement you gave us a f ew years ago ?

Dr. DUNHAM. We will be happy to prepare one.
Chairman Hormmmm Did you ever get into the large animal experi-

ments that we talked about Byear or two ago 1
Dr. Du~HA~. That is the one about which we had this”meetin with

fthe group from Ar onne and Oak Ridge. Oak Ridge will o the
Ywhole body externa studies in 10 to 20 thousand mice per ex eri-

#’ment. The Argonne will do it witih strontium 90 and some o the
other internal emitters. There is also developing a fairly large-scale
do program at Argonne.

5 epresentative PRICE. You were talking about larger facilities for
cattle and soon. You were talking about those at onetime.

Dr. DumIAM. We have not gotten into really large-scale studies in
cattle. The expense goes up quite a little when you go into that. We
have the swine project at Iowa which is a straight quantitative genetics
project which revolves six to eight thousand little piglets born every
year.

Chairman HOLIFIELD.That is a considerable advance over what you
hacl a few years ago.

Dr. DUNHAM. Definitely.
Chairman HOLIFIELD.We were not in this swine work at all hardly.
Dr. Du~H~M. No; we were not cloing it before. I think we are

definitely moving out of the horse-and-bug~ stage and try to catch uP
with our other programs, with Dr. Russells work, which sort of set
the ~attern of what can be done. You are familiar with his results in
gen~tics studies.

Chairman HOLIFIELD.With mice vou can do it much cheaper?
Dr. DUNHAM. Much cheaper. -
Chairman HOLIFIELD.What abont the comparative results in extrap-

olation from mice or swine?
Dr. DUNHAM. This is why we have chosen some other species to

go into, like the swine, simply so we don’t get caught with something
very unusual about the mouse that is not the case in swine. We are
cloing it also in rats.

Chairman HOLIFIELD. The question is -whether man resembles Q
mouse or a pig.

Dr. DQXH.W. In some respects the man’s hide from what the cler-
matologists and peop]e studym

6
flash burns say is much more like that

of a pl,g tlmn it is of a mouse. n the other hand, as you know, alcohol
protects a mouse against radiation but in terms of a man the dose
would be a little lethal.

Chairman HOLIFIELD. I knew there was some good in alcohol.
Representative PRICE. Wi]l the U.S. space programs such as Rover

produce fallout ?
Dr. DUNHAM. Not of the sort of thing we are talking about with

megaton weapons. There is the problem” as the program getx under-
way, particularly if they begin to use the Rover devices as the first
stage of a certain amount of fissionable material being released. We
are talking in terms of something comparable to very low kiloton
detonations. It will be released along the way. If one of these d~vices
after it has been used up were to reenter and burn up completely m the

.:
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stratosphere, or if it lands in the ocean, we will have a certain amount
of contamination. Our program is oriented to try to define those
problems well in advance.

Representative PmcE. Are there any other questions?
Chairman Hommmn I would just like to complhqent Dr. Dunham

on his testimony today. I think this 1s a very fine piece of testimony,
Doctor.

Dr. DU~HAIW Thank you.
Representative PmcE. Thank you very much, Doctor. I am sure

that other members of the committee also join in that compliment and
appreciate havin your testimony.

YThat will cone ude the hearing for this afternoon. The committee
will resume its hearings tomorrow morning at 10 o’clock.

(Whereupon, at 4:50 p.m., Monday, June 4, 1962, the committee
recessed, to reconvene at 10 a.m., Tuesday, ,June 5, 1962.)

::
:!
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TUESDAY, JVNE 5, 1962

U.S. CONGRESS,
SmcoMMmE ON RESEARCH, DEVELOPMENT, AND

RADIATION, JOINT Coimrmrm ON ATOMIC ENEROY,
Wmhhgton, D.(7.

The subcommittee met, pursuant to recess, at 10 a.m., in room AR-1,
the Capitol, Hon. Melvin Price (chairman of the subcommittee)
presiding.

Present: Representatives Price, Holifield, Aspinall, Hosmer, and ;~,;:@, /&.({~J;~~:’~;j~f:&>,:,:j.fi -P:J>:

Bates; and Senator Aiken.
,! ,,,,*>,h;{;T.;,:;.. ,J ..’.”.,’ ‘ <-, . ,?:?.,l +., ~~}!,~$~!~-.?~ltfil(;~$i/W..w!

Also present: James T. Ramey executive director; John T. Con-
way, assistant director; Kenneth #. McAlpine, Jack R. Newman, and
George F. Murphy, Jr., professional staff members, Joint Committee
on Atomic Energy.

Representative PFUGE,The committee will be in order.
Yesterday, the first da of our hearings, we received testimony of an

iintroductory nature on oth radiation standards and fallout.
Today we will spend the entire morning and afternoon sessions on

worldwide fallout since 1959. Following the scientific witnesses this
morning and early afternoon, we will have a prediction panel of ex-
perts on prediction statement on fallout from U.S. nuclear testing.

Dr. Lester Machta of the U.S. Weather Bureau is our first witness
this morning. I would also like to add that I hope all our witnesses

, .,

today will try to keep to their allotted time.
Dr. Machta, will you come forward.
The Chair would also like to make a further announcement. In

order to maintain order and the proper decorum of the committee,
it would be appr~iated if only members and staff members would
come behind the horseshoe. Any communication should be handed
to staff at the end of the hearing table.

Dr. Machta, will yon come forward, please.
53
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STATEMENT OF LESTER MACHTA,’ CHIEF, METEOROLOGICAL
RESEARCH PROJECTS BRANCH, U,S, WEATHER BUREAU

Dr. MACHTA. Mr. Chairman, if I may, I should like to submit my
written testimony for the record and devote my time to a discussion
of a few of the placards in order that the 1sss technical aspects be
brought out in verbal testimony.

Representative PRICE. That will be all right. lVe may question
you a little on the complete stwtement.

(The statement referred to follows:)

WORLDWIPE FALLOUT SINCE 195%--METEOROLOGICALASPECTS

Statement prepared by Dr. Lester .Machta 1 and Mr. Koata Telegadasj U.S.
Weather Bureau, for the hearings on radiation standards, including fallout, of
the Joint Committee on Atomic Energy during the period June 4-7, 1962
The purpose of this presentation is threefold: First, to report observed inven-

tories of strontium 90; second, to describe the latest findings of the seasonal
and geographical distribution of fallout; and third, to review current ideas on
the behavior of the stratosphere in transporting bomb debris.

INVENTORYCALCULATION13

1. Pre-Noviet 1961 inventor~
Figure 1 displays the strontium 90 content of the atmosphere (divided into the

troposphere up to between 30,000 to 55,000 feet and the stratosphere overlying
the troposphere) and the worldwide strontium 90 fallout as of May 1961.The
table shows that over 80 percent of the strontium W had already been deposited
just before the Soviet 1961 resumption of atmospheric testing., It also indicates
that the stratosphere was still the prime reservoir of the airborne radioactive
debris. Figure 1 further reveals an unexpected approximate equa.l,ity of
stratospheric content between hemispheres. One should remember that all (or
almost all ) of the stratospheric injections took place in the Northern Hemi-
sphere. We shalI later see that there are very meager data in the Southern
Hemisphere, and it maybe that equality is not entirely well founded.

Figure 2 compares the total observed inventory of strontium 90 at three times.
., ,.

These numerical values show good stability and a decrease, during a period of
no additional injections, as expected from the slow radioactive decay of stron-

.,\,\{j~f@

tium 90. On the lower line, a similar series of numbers is given as derived from
the oflicial AEC announcements on fission yields and using a conversion of 1
megaton of fission product energy equaling 0.1 megacurie of strontium 90.

Both the observed inventories and .4EC derived estimates contain uncer-
tainties. The observed data are based on only a limited number of sampling

~Dr. Lester Machta: Dr. Lester Maehte. is Chief of the Meteorological Research Projects
Branch, Office of Meteorological Research, U.S. Weather Bureau, Department of Commerce.
Dr. Machta received his Sc. D. from Massachusetts Institute of Technology in 194S at
which time he joined the Weather Bureau to begin hie studies on atmospheric radioactivity.
He was a member of the U.S. International 13eophysical Year Nuclear Radiation Comm-
ittee, is currently a member of the World Meteorological Organization’s Panel of Exw.rts
on Atomic Energy, and in 1958, went to Geneva with the U.S. delegation on atomic test
moratorium conference. As an adviser to the Atomic Energy Commission, he has
participated in several of the U.S. atomic series. He has been an adviser on the U.S.
delegation of the United Nations Scientific Committee on the Effects of Atomic Radiation
and on the Working Group of the Federal Rediation Council. He is a rapporteur for the
Meteorology Committee of the National Academy’s Committee on the Biological Effects of
Atomic Radiation,

Dr. Machtz was born in New York, N.Y.: in 1919, graduated cum laude from BrookI~n
College in 1939. His meteorological training also includee graduate work at New York
University (master of nrts. 1946). During the war he taught meteorology in both a
civilhm and military capacity for the Air Force. He is a member of Sigma XI, Pi Mu
lilps~lorr,the American Meteorological Society, and the American Geophysical Society, and
has been given a gold medal for exceptional service by the Department of Commerce. His
publications in the meteorological literature are numerous, and in recent years, include
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points on the earth’s surface and in the atmosphere. An especially serious source
of error is due to possibly greater fallout over oceans. This will be disctissed
shortly. There is a large uncertainty in the fraction of the U.S. Pacific test
strontium 90 which deposited as local fallout and was thus unavailable for
worldwide fallout. The numbers in the lower row assume that about a third of
all the strontium PO was deposited as local fallout. This number, 3 megacuries,
as evidenced by the question mark, is uncertain and there is some reason to
believe that it may be’ too high. Assuming that the fission yield information,
the 9.2 megacuries, is approximately correct, a smaller local fallout could create
a larger and possibly significant discrepancy between the two approaches. If
there really is more worldwide fallout available than has been estimated from
the 3 megacnries of local fallout, this extra amount is most likely in the oceans
where we have been unable to properly measure it.

2. The i30viet 1958 and 1961 inventories
The Soviet Union conducted a large nuclear test series in the autumn of 1958.

The AEC estimated that between 1.25 and 1.50 megacuries of Sfl were added
to the atmosphere. By dating from short-lived isotopes, it was possible to dis-
tinguish with some confidence between the ratiloactivity from this and other
sources. The numbers in the first column show that of the approximately 0.80
megacurie accounted for from actual observations (fig. 3), 80 percent had fallen
out by the end of 1959. There is a discrepancy between the 0.80 megacurie and
the AEC release, however. The most likely explanation is the greater oceanic
fallout which would raise the 0.63 and, if true, would argue that even xnore
than 80 percent had already fallen out.

The second column, the inventory for the 1961 Soviet tests, cannot yet be
properly completed. As will be seen later, it appears that fallout in 1962 is
roughly the same as that in 1959 and on this basis, one can estimate about 0.2
megacurie of Soviet strontium PO deposition up to March 1962. The stratospheric
inventory to 70,000 feet has been computed by the Defense Atomic Support
Agency and their contractor, Isotopes, Inc., based on U–2 aircraft sampling. The
snm of the two numbers, 0.2 and 1.3, is 1.5 megacuries. Again, there is a dis-
crepancy but here, the explanation is more likely to be inadequate stratospheric
sampling as seen in the next placard.

Figure 4 shows a north-south cross section of the atmosphere. The hori-
zontal axis is so arranged that equal lengths cover equal areas of the earth’s
surface. The vertical axis is altitude in feet. The average position of the
tropopause, with the troposphere below it and the stratosphere above it, is in-
dicated at about 50,000 feet south of 30” N. and at about 30,000 feet north of
300 N. It has at least one break in each hemisphere and, patilcularly in the
stormy temperate zone, undergoes large day-to-day changes in height. The
placard shows that the construction below 70,000 feet reaches a maximum in the
polar regions and near the latitude of the N’ovaya Zemlya Soviet proving grounds.
The zone of greatest radioactivity concentration slopes upward toward the
equator where the radioactivity becomes less concentrated. Some of the Rus-
sian debris has reached the equator and passed into the Southern Hemisphere
by April 1962. This has been confirmed by the AEC balloon flights in southern
Australia at 50,000 feet from February through April 1962. This picture, it must
be remembered, preceded any U.S. atmospheric testing and subtraction of the
pre-llussian 1961 radioactivity was accomplished with little difficulty.

At present only balloons are capable of sampling above about 70,000 feet. The
AEG has a station which operates an air filtration unit with the cooperation of
Air Force at San Angelo, Tex., and the profile of Russian debris for the
month of February 1962 is given as the horizontal lines emanating from the
vertical line Iocati at about 3(3° N. Iatitide. The peak coincides with the peak
concentration detected by the aircraft and at 70,000 feet, it appears as though
the nuclear cloud has been toDpe& Bllt at 90,000anrl100,000feet, it is evident
that here is a tendency for increasing concentrations once again. Dr. Gustafson,
Of Argonne NatiOnal Laboratory, with A~C, Air Force, and Weather Burcatl
participation flew a different kind of monitoring instrument at Thule, Green-
land, in April and the horizontal bars at abollt 80° N. show the results of his
measurements. _&~tho~gh this peak does not exactly coincide with the peak in
the aircraft profile there is again evidence of increasing radioactivity at higher
~ltitudes. It mnst be conelnded that the inventory calculation to 70,000 feet has
neglected those Soviet elonds which rose to great heights, a condition fully reco~-
nizerl by the Defense Atomic support ~gen~y ~OUp Constitllting the inventory.

. .
,,.
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THE QEOGSAPHICALDISTRIBUTIONOF FALLOUT

There are two prime means of monitoring deposited radioactivity; soil sam-
pling and pot or funnel collectors. The preferable method is soil sampling
because it is nature’s measure of accumulated radioactivity. The results of
the latest available analyses in 1960 are given in figure 5. The isolines de-
lineate locations with equal amonnta of strontium 90 deposition and the darkened
areas show the areaa of heavier fallouk The dota indicate the locations at
whkh soil samples were collected by Dr. Alexander of the U.S. Department of
Agriculture and analyzed by the Health and Safety Laboratory of the AEC. The
interpolation between sampling places has been performed by the Weather Bureau
assuming that there is a relationship between fallout and rainfall; the more
rainfall in a given climatic region the more the fallout. It is evident that levels
of fallout are greatest in the North Temperate Zone.

11’allout is greater over oceanic than over land areas because rainfall is
greater. There is a suggestion from data collected in the oceans and seas both
by Dr. Bowen of Woods Hole and from certain Soviet studies, that there may
be additional mechanisms over large water bodies which further enhance the
fallout. One such is the capture of the radioactive aerosols by heavy salt par-
ticles which then settle out into the ocean. The problem of oceanic deposition is
among the main unresolved scientific questions on fallout. The magnitude of
the removal by impaction on herbage and other vertical surfaces is another
source of present-day ignorance on fallout. The research in the areas of the
rainout mechanism under Federal SDOnSOrShiDhas. however. made notable gains-,
since 1959.

The somewhat heavier fallout in the Midwest United States is probably at-
tributable, in par~ to the extra fallout from Nevada atomic tests. However, a
commw’ison of the north-south rmotiles of the fallout during the interval mid-1959
to &d-1960 when there was ~o Nevada fallout, showed ~he same general peak
at about 40° N. Thus, it is probably that not all of the Midwest fallout excess
can be attributed to the Nevada tests.

For the most part, except immediately downwind of a proving ground, the
sfrontium 90 fallout is derived from powerful tests which lift their nuclear clouds
into the stratosphere.

Figure 6 displays a north-south cross section of the accumulated strontium W
fallout. The vertical axis has the deposition increasing upward. The upper-
most line shows the cross section of the total strontium W fallout from all tests
before mid-1961. This is derived from the soil picture of the previous placard
on which the accumulated fallout was presented up to mid-1960 plus the fallout
for the ensuing year. The increment since mid-1960 is obtained from the second
method of measuring faIlout; collecting precipitation in pots and funnels each
month. The Atomic Energy Commission, whose data have been here used, has
a worldwide network of approximately 125 stations making such incremental
collections.

This line brings out more clearly the peak in the 30° to 60” N. band and the
presence of a secondary peak in the 30° to 60” S. band, with equatorial and
polar minima. It should be mentioned that virtually no samples are taken south
of 40” S. latitude. The amount of precipitation decreases toward the poles and
this may well account for the decrease in fallout toward each end of the graph
but this is not the case in the equatorial regions. The equatorial minimum
results from lower air concentration, confirmed by the extensive ground level
U.S. Naval Research Laboratory measurements and limited aircraft observations
in the troposphere. It is concluded by virtually all scientists in the fallout field
that the temperate or polar regions are the part of the earth’s atmosphere where
the stratospheric-tropospheric exchange takes place. This high latitude exit
from the stratosphere accounts for the lower air concentrations in the tropo-
sphere near the Equator.

The middle line shows the fallout from the Soviet October W58 tests during
the year 1959. This l-year period has been chosen because the fallout is likely
to be of stratospheric origin (the tropospheric component having been largely
washed out by 1959) and because the end of 1959 is about as late as one can
reasonably distinguish between Soviet October 1958 fallout and other sources.
It should be recalled that by the end of 1959, about 80 percent of the Soviet
October 1958 strontium 90 had already been deposited.

‘J7bis line is believed to lie entirely within the Northern Hemisphere nnd
peaks in the temperate zone. It is for this reason that predictions of fallout
from Soviet 1961 nuclear tests were forecast to affect the Northern Hemisphere
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elusively. Finally, the lowest curve reflects the geographical distribution of
S. debris added to the lower equatorial stratosphere in the summer of 195S
id also deposited in 1959. The year 1959 was chosen to compare it with the
~viet fallout curve as well as for other reasons. It is based on tungsten 1S5
aich was a unique tracer for the U.S. Pacitlc 195S tests. An arbitrary but
asonable relationship between tungsten 1S5 and strontium 90, derived from
study by Hardy of the AEC, permits one to compute the strontium fallout.
It is clear that fallout from the equatorial source is distributed more widely
an the Soviet fallout and close scrutiny will again reveal peaks in the tem-
rate zones of each hemisphere. The 1959 fallout in the Northern Hemisphere
}m the U.S. tests was about twice that in the Southern Hemisphere. For
mparison with the 80 percent of the Soviet fallout, the fraction of strontium
from the 1958 U.S. Pacific tests which was deposited during 1959 was about
percent thus reflecting the faster fallout from polar than from equatorial

clear clouds.
SEASONALVARIATIONS

Figure 7 shows the seasonal variation of Northern Hemisphere fallout for
? year 1959. The horizontal axis is time in months, with the spring season
lded and the vertical axis shows strontium 90 fallout per month, increasing
ward. The uppermost line shows the total amount of deposition in the
,rthern Hemisphere while the middle and lowest lines show the fallout
:ltribution to the total from the U.S.S.R. 1958 and U.S. 1958 Pacific tests
pectively. All three curves indicate that during 1959 the spring season was
) period of heaviest fallout.
‘i’he table on the placard indicates that during the spring of heaviest fallout
or to 1962, that is in 1$59, of the total fallou~ 73 percent was of Soviet
tober 195S origin, about 13 percent could be identified as U.S. Hardtack
nmer 1958 origin marked by the tungsten and the remaining 14 percent
,m all other sources.
L’he seasonal variation of Northern and Southern Hemisphere fallout from
“i to the most recent period of data availability is displayed on figure S.
e horizontal axis is time with the calendar year labeled below and the vertical
is shows the amount of strontium W fallout per month, increasing upward.
e spring for each hemisphere is identified. The lower curve displays the
uthern Hemisphere fallout picture. If the spring were always the time of
,ximum fallout, the lower curve should peak at each Southern Hemisphere
‘ing and dip at each Southern Hemisphere fall through which it passes.
ly in the latter half of 1960 and onward is this true however. The dashed
‘tion of this cur~~e (in late 1961), is based on incomplete data.
[n the Northern Hemisphere, the upper curve, one finds a very clear-cut
sonal trend with each April—May showing a maximum and October–Novem-
‘ as a minimum. This, it should be noted, is true even though in 1960 and
;1 there were no atmospheric nuclear tests during the previous fall. It had
m speculated that a possible explanation for the spring maximums prior to
“X)was a delay in the fallout from Soviet tests the previous autumn. This
,ms now not to be the case, although it is clear that the presence of large
ounts of Soviet stratospheric debris, as in 1959, greatly enhances the magni-
Ie of the spring peak.
iince it appears likely that the spring peak is meteorologically induced (it
}ears in other stratospheric tracers like cosmic ray created beryllium 7
]lyzed by Gustafson at Argonne and by the British), why does it not occur
ularly in the Southern Hemisphere? There are two likely explanations.
‘st, it is noted that until 1960, the Northern Hemisphere troposphere con-
ned much more radioactivity than the Southern Hemisphere, as evidenced
the upper versus the lower curves. There is other evidence of cross-equatorial
sing which can bring radioactivity from the more contaminated to the less
laminated hemisphere. Thus, the Southern Hemisphere may have had two
lrces of strontium 90, the first from the stratosphere which may be showing
sonal regularity and a second source, the N’orthern Hemisphere troposphere,
h an entirely different season of injection into the Southern Hemisphere
posphere. Then, in 1960 and 1961, when the air content or both hemispheres
ded to equality in the troposphere (see fig. S), as well as in the stratosphere
,ted earlier), the controlling seasonal factor in the Southern Hemisphere
arne the stratosphere.
Ience, the appearance of seasonal regularity in the Southern Hemisphere,
ich many’ meteorologists expected, in 1960 ancl 1961. The other explanation
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for the lack of a seasonal variation in the South Hemisphere depends on a dif-
ferent behavior of the Southern Hemisphere stratosphere. There is evidence
gleaned from the International Geophysical Year weather data that differences
do exist.

For example, both hemispheres in winter have a quasi-circnmpolar vortex
in the polar regions, close to, but not necessarily symmetrical about the pole,
with strong winds observed to extend upward from 70,000 feet. In the Northern
Hemisphere this vortex breaks down into waves and is accompanied by sudden
temperature increases in a few days which have been observed to ~~ some,,,,,,,,, . ,,.,, ,;,,,,,,,:::::.,, :.
time between late January and April, either before or after the vernal WUinO~:(iI:t:{:J; :~:.:~,~,<:j,:f::::, ,, /,.:.’.:::.,;$(.:.,.,,.~,,:.,.::.:.i~)...:,:,.,,,<,;,,:::::\.:.:,:),,,:;:,,,,:::::+J;;/)~\~\:$~}j~:i::::t::::~<i,{:;,,.:::::::;hi:\:,,,%\.::,.$!,..,!,:.,.,,?,
(the first appearance of sunlight at the north Wle). In the Southern Hemi+

,,.:::l,/,,,s, .,,,. ,.$$~.:;, .~~,i,

sphere there can either be a sudden or a gradual temperature change neithe~. . ~~.,,,,.,.
of which has been observed to occur until after the vernal equinox.

To complicate matters this past winter and spring, the Northern Hemispher~
vortex did not undergo a sudden breakdown but was similar to the gradua~
one found at times in the Southern Hemisphere. The importance of this
phenomenon may be greater than one realizes. Many meteorologists attribute
the sinking motions or mixing in the polar regions to the sudden breakdowns
of the cireumpolar vortex. This sinking or mixing is believed to be the metho~
by which radioactivity and other tracers are dumped into the lower atmosphere.
Time will tell how seriously this disparity of 1962 from previous years in the
Northern Hemisphere stratosphere will affect the pattern of the spring 196
fallout. &,,,i,,\,.,,,fi,,%wti@,,<.ji. ..<. ,43&4$>&k!*F*&t4$B$**3$

Before turning to the latest fallout data from Soviet 1961 tests, some tom,
ments on special injections marked with unique tracers may be of interest.
The seasonal variations of the tungsten, which it will be recalled was inject~
in the lower equatorial stratosphere, indicated a peak in the Northern Hemll
sphere spring but no apparent peak during the Southern Hemisphere spring,
It could be noted that the fallout of radiotungsten was considerably greateg
in the Northern than in the Southern Hemisphere so that the cross-equatorial
tropospheric flow may possibly have accounted for the disruption of the South-
ern Hemisphere seasonal variation. Figure 9, however, shows data for an
isotope, rhodium 102, which contains a seasonal trend of the expected type in
both hemispheres. The rhodium was derived from the August 12, 1958, rocket
nuclear event at Johnston Island at a latitude of 17° N.

Later we will note that the rhodium appeared in the stratosphere near the
poles of both hemispheres in about equal concentrations. This isotope, then,
is not higher in the h70rthern Hemisphere as were all of the other previously
viewed tracers. There is clearly a spring maximum and an autumn minimum
in the appropriate stations at Santiago, Chile, and at Argonne National Labora,
tory in Illinois, both slightly delayed. This result strongly supports the first
explanation for the absence of a seasonal trend in the Southern Hemispher&--
the one which blames the lower atmospheric cross-equatorial mixing for con.
fusing a regular seasonal trend from the stratosphere.

Figure 10 now brings up to date the recent fallout. The lag in “analyzin:
fallout has restricted the very recent results to one station, air concentration
mewurements of cesium 137 at Argonne National Laboratory from Soviet 1961
tests. Where data are available for earlier months at other locations there h
substantive agr~ment with the Argonne results. One way view the cesiun’
and strontium trends interchangeably since both have about the same half-live~
although the concentrationsof cesium 137are about twice those of strontium W
The cur~e indicated as 1961 U.S.S.R. shows that there is an upward trenr
in the cesium 137 beginning in October 1961 and conthming through May 196;
as predictedfrom earlier findings.

For comparison, two other curves are given. The high-peaked curve show:
the history of cesium 137 fraction attributable to the Soviet October 1958 series
[t is evident that the fallout in 1962 is about the same or perhaps slightly lowel
than occurred after the Soviet October 1958 tests in the Chiacgo area. 11
196*63, the levels of cesium 137 had decreased very considerably as seen il
the lowest. curve. The new atmospheric tests in 1061 raised the levels by abou
a factor of 5 to 10. The full history of the spring 1962 must await more com
plete results. It should be noted that the fission yield of the 1958 Soviet seriw
was about half that of the preliminary estimate for the 1961 Soviet tests am
simple extrapolation -would suggest a doubling of faI1out in 1962 over 1959
This now seems to be unlikely, probably due to the greater altitude of tht
nuclear clouds.

.,
,,

.,<,
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MODELS OF STSATOSPHSRXCTEANSPORT

59

The earliest predictions of fallout from nuclear test clouds injected into the
stratosphere were of two varieties. Firs~ a mathematical model was, and is
still being used, in which the stratosphere is assumed to be a thoroughly mixed
reservoir. Material added anywhere in the stratosphere would be completely
mixed within it in a matter of days, weeks, or a few months and leaks slowly
into the troposphere below. Such a model permits a numerical treatment in
which the holdup by the stratosphere may be characterized by a “residence” time.
Specifically, the half-residence time is the time required for half of the ma-
terial in the stratosphere to enter the troposphere. Early and Preliminary esti-
mates for equatorial injections suggested a 5- to lo-year residence time which
was subsequently reduced to a few years. Then, with the advent of readily
distinguishable Soviet polar fallout, the residence time for the Soviet debris was
estimated to be much shorter than a few years. Finally, the half-residence
time of the U.S. high altitude fallout was esthnated to be much longer than a
few years. Thus, it became evident that the half-residence time varies with the
latitude, altitude, and season of the test and further, the half-residence time
might change from year to year even for the same point Of hI@tiOn. The con-
cept of half-residence time is still probably the simplest way of comparing fall-
out rates from different tests.

The meteorologist, on the other hand, has tried from the first to model the
stratosphere with the best possible conceptsof circulations and mixing processes.
But unable to be quantitative, he has failed to provide real help to the fallout
predictor. hTevertheless, there is qualitative and semiquantitative information
which is derivable from truly meteorological models of the stratosphere and these
will be discussed below.

The earliest model brought to the attention of the fallont field was that derived
from ideas expressed by two distinguished British scientists, Brewer and
Dobson. They speculated that the dry air observed in the lower stratosphere
over England could best be accounted for by the air having previously passed
through the tropopause region at the Equator. Here the air temperature is very
cold and literally can wring the air dry. Stewart in England and then Machta
suggested models which, as seen in figu~e 11, had fountains of rising air in the
lower equatorial stratosphere and compensating subsiding air poleward. Some
early bomb carbon 14 measurements led Machta to extend the upward motions to
at least 80,000 feet, while Stewart was, wisely, less specific.

This modified Brewer-Dobson picture explained a number of the observed
characteristics of fallout. Though the early stratmldwrie injections were made
near the Equator the peak in fallout was in the temperate zone. This is under-
standable from the poleward motions. There was an unequal partitioning between
hemispheres, presumably due to the Eniwetok clouds having been caught mainly
in the hlorthern Hemisphere circulation arm. Brewer and Dobson on the basis
of certain meteorological considerations, also predicted a maximum exit from
the stratosphere in late winter or spring. This too is, as noted earlier, a feature
of the fallout pattern.

The death knell for a theory of rising air to altitudes of over 80,000 feet over
the Equator resulted from the tungsten experiment. The stratospheric meas-
urements, illustrated by figure 12, disagreed with the model. In this placard,
the horizontal axis is again latitude, the Xorth I’ole to the left, the South Pole
to the right, and the Equator in the center. The rertical axis is height increas.
ing upwards in thousands of feet. l’be s{lli(l-dashed lines are the tropopause.
‘l’he observation points are indicated by the black squares. The isolines delineate
lines of equal concentration of tungsten 181, an isotope injected in the lower
equatorial stratosphere over Eniwetok in the summer {Jf 19.58. This figure shows
the distribution of tbe material about 2~2 years later, in November 1960. If
there were an upward current as envisaged in the previous placard, the maxi-
mum Concentration would have mt)ved away from the source. But this is not
the case; the highest concentration c}f radiotungxten is still in the vicinity of
the source region at II 0 N. Thus, the radi(~tuogsteu trticer experiment has
I)roven invaluable to the n]eteorf)lfgist in [~liminating one kind of circulation
model.

But Brew7er an(l L)obson never {.l:li]ne(l tb:l t the folmtain reached to 80,000
or even 70,000 feet. Two other I!ritish st,ierltists, Bro~vlL and Goldsmith, hart,
tried to rescue the risinx current ]Ilodel as shown by their picture in tigurt,

86853 ~.–pt. 1–-—5
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13. The rising current through the equatorial tropopause is still present, but
the height to which the fountain rises is very much lower over the Equator.
Elsewhere the transport process is pnrely mixing, a mechanism which can
leave the highest concentration at the source position while diffusing it away
at the edges. There is still evidence from water vapor and ozone observations
that some kind of rising motion occurs near the equatorial tropopause. This
upward movement is now restricted to just 5,000 or 10,000 feet above the tropo-
pause, the maximum extent alhmed by the tungsten data.

An alternative solution was proposed by the HASP analysts and is illus-
trated in figure 14. In 195S and 1959, the HASP sampling program had al-
ready detected the downward slope of the zone of maximum concentration of
the tungsten and the persistence of the maximum concentration at the latitude
of injection. This fitted their original view that virtually all of the move-
ments of bomb debris could be described by a model in which only mixing
processes were present. The mixing is indicated by arrows in both directions
along surfaces which slope downward toward the poles.

Not all of the details of the HASP model are shown in the tignre. Thus, it
is argued that the horizontal mixing close to the Equator is slower than away
from the Equator. Hence, the U.S. in jeetions at 11” AT.,at the Eniwetok Prov-
img Grounds. have an easier time mixing into the Sorthern than into the Sonth-
ern Hemispheres; and more fallout is observed in the A’orthern Hemisphere
from this source. Second, the thermal stability just above the equatorial
tropopause will inhibit an exit into the equatorial troposphere. In fact, the
HASP analysts favor an exit. throuxh the breaks in the tropopanse as the
main mode of entry into the troposphere. The maximum “storminess” occurs
in the winter and early spring period which accounts for the seasonal varia-
tion in fallout. The H.4SP model is appealing in its simplicity of having only
one mode of transport mixing, and does explain the observed fallout features
without undue ditllcnlties.

Before leaving the subject of mm-ernents of air in the stratosphere, one fnr-
ther figure, 15, may be of interest. This shows the stratospheric distribntio!l
of rhodium 102, the tracer that was added to the ~-ery high atmoslJhere, over
300,000 feet aceordill,q to reports. in Awqust 1938 over Johnston Ishmd. The
squares me the olxervation points and the solid-dashed lines are the tropo-
pause. It is apparent that the highest rhorlillm concentrations up to aboL1t
70,000 feet lie in the polar regions at the highest observable nltitudes. Further
the concentration in the Southern Hemisphere is at least as high as in the
>Tor~hern H~mi~pher~ despite .Tobnstnn Island bein~ Ii” in the Northern Hen]i-

sphere.
It is apparent that the .Tohnston Island rocket injection debris was, more

or less equally partitioned between hemispheres. Since there is a Iwssibility
of large-scale, highaltitnde ri]clioavtivity injections during a nuclear war by
,antimissile mi,~silrw. it i,~ of ,some conseqllence to know whether an injection
at say, 43° 3“. wonld behmve like that of the .Tohnston Island tests. At present
we think it will.

There is also a lack of a~reea]ent On ;in e{lnally important subject, the
region of exit from the stmtosphere. It has been suggested that the trans-
fer of radioaetiyity and trn(,er mi~teri:ll from the str:]tosphere into the tropl)-
sphere ~iin IJccllr I),v at least three mechanisms. Three important exchange
processes are :

1. Through the gap which is normally sitl~:~ted between the tropical and
polar tropopnnse.

2. By a continuous and Fradual nlixing across the tropopause.
3. By <be day-to-day or swIsf\mil varial)ility in tropopause height. which

may leave I)ehin(l pools of stratosl!heric air in the troposphere.
Whirh of these three merha]lisms, or others, dominate the transfer fjf strato-

spheric radioactivity into the trol)(wl)here is still open to debate. }feteorolo-
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gists are therefore not in unanimous agreement on the stratospheric circula-
tion and mixing processes—neither on the qualitative nor the quantitative
aspects of transport within or removal from the stratosphere.

PREDIC1’IONS

The payoff in the meteorology of fallout is an accurate prediction of the fate
of an arbitrary injection of debris anywhere in the stratosphere. The previous
discussion indicates that this is not possible on purely meteorological grounds.
Hence, the fallout forecasters almost all extra@ate from past experience and
their own intuition. It should be noted, however, that some of the models will
predict the same fallout pattern even though their details may differ sig-
nificantly.

By way of illustration and because of current interest, the last few moments
of this talk will be devoted to a set of predictions for events of current interest.

Figure 16 shows zones of the stratosphere in which nuclear clouds may have
essentially the same history. For example, the lower polar and temperate
zone stratosphere up to about 80,000 feet will be characterized by fast fallout
deposited in the same hemisphere as the injection. These features are derived
from past polar injections. It is the present view that stratospheric clouds
injected as far equatorward as 30° may behave like the polar clouds. Injec-
tions at the Equator, like the current U.S. tests at Christmas Island—those whose
nuclear clouds reach only to 80,000 feet-are in the zone identified on the
placard as lower equatorial B. It is characterized by somewhat slower removal
and roughly equal partitioning between hemispheres. There have, of course,
been injections into this zone by Unite~i Kinglom tests prior to 1959 but the
lack of unique tracers and confusion of the United Kingdom debris with other
fission products prevents one from actually using the history of the United
Kingdom fallout in future predictions. The forecasts are, therefore, based on
experience from the U.S. Eniwetok tests and meteorological intuition.

Figure 17 shows a cross section of the geographical spread of fallout for equal
inputs into the two zones--for simplicity to be called the polar ( Soviet) and the
equatorial ( United States). The Soviet fallout is shown to be limited primarily
to the N’orthern Hemisphere with a temperate zone peak while the U.S. fallout
is distributed about equally into both hemispheres with lesser peaks in ei~ch
temperate zone.

Figure 18 displays the time history of the fallout. The horizontal axis is time,
in years, increasing toward the right and monthly deposition increasing upward
ou the vertical axis. The lower polar fallout, indicated, by the dotted line, comes
down virtually entirely in the first year, while the U.S. fallout, indicated by
the dashed line, takes man? years for the same amount to be deposited. In both
vases a spring maximum 1s expected.

Figure 19 repeats the lower equatorial curve dashed line in figure 18 but
adds a dotted line for a case of fallout from a different zone. This is from the
very high atmosphere zone in figure 16 such as the clouds from high altitude
nuclear rocket detonations. Experience from the I%N Johnston Islnud, events
marl-cd with rhodium 102 forms the basis for these predictions. The fallouI
from these high-altitude injections will partition about equally between hemi-
spheres and likewise peak in the temperate zones. But the time history given by
the dotted line shows the much slower rate of fallout: in fact it may take a whole
year before even the first fallout is received at ground level,

CONCLUSION

Experience derived from fallout since 1959 permits more confident predic-
tions of fallout from many kinds of stratospheric injections. But the meteorology
explaining the observed fallout still lags behind the empirical findings.
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SR-90INVENTORY
May1961

ME61CURIES

N.HemisphereStratosphere 0.45

S.HemisphereStratosphere 0.52

WorldTroposphere 0.03

TotalAtmosphere 1.00

DepositedonGround 4.2

Total 5.2
FIGURE 1

SR-90 INVENTORY
Megacuries

May 1960 Nov.1960 May 1961

Observedworld wide
distribution 5.3 5.3 5.2

Available for world
wide deposition* 5.5 5.4 5.3

“Basedon9.21ess3.O (?1
rnegacuriesof local fallout
and radioactive decay
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EstimatesofSr-90 inventory from USSRFall 1958,1961tests
[Megacuriesl

Fatk 1958 [all 1961
Depositedon

ground 0.63 [KIDEC.19591 0.2 ? [ToMAR,~~~

Measuredin
stratosphere 0.17[D[C.19591 OVER1.3*[MN.-MR.19621

Totalmeasured0.80 OVER1.5
Injected into
atmosphere 1.25-1.50 APPROX.2.5

(AEC estimate)
*TO70,000FT.

—
MGURE 3.
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Dr. M~CHTA. I would like to discuss with you three aspects: First,
the inventory of strontium 90 in the stratosphere and on the ground
before the Russians started their testing in 1961 and the little infor-
mation available concerning the Soviet 1961 test inventory; second!
the geographical and seasonal variation of the stratospheric fallout
on the ground; and finally, a discussion of predictions of fallout from
areas of injection into the stratosphere which may be of current
interest.

We will start with the first placard. The inventory as of May 1961,
the last available one preceding September 1961, shows that the
Northern and Southern Hemisphere stratosphere and the troposphere
contained a ~roximately 1 megacurie of strontium 90. The megacurie

Eis a unit w lch was not introduced yesterday. Megacurie stands for
millions of curies. The large numbers result from radioactivity in
the entire atmosphere or deposition over the entire world. When we
deal with fallout in a specific area, we revert to the units of millicuries.

One can notice on the first placard that as of May 1961, about 4.2
megacuries of a total of 5.2 had already been deposited. This amounts
to 80 percent of that which was injected into the atmosphere still
available for worldwide fallout.

.Mr. RAMEY. How does that. correspond to the amount of fission
products in thv atmosphere !

Dr. MACHTA. The total fission products in the atmosphere? One
would have to go through an elaborate calculation in order to find
the fraction of the various lived activities as of this date. Most of
the shorter lived activities naturally have decayed away. So the bulk
of the activity -will be in half-lives of ~gater than 1 or 2 years as
“of this date.

Mr. RAMEY. But as of the time of our last hearings, there was ap-
proximately 50 megatons of fission yield, or something like that.’?

Dr. MACHTA. Yes. Gt me explain the fact that one megytcurie of
stronium 90 corresponds to 10 megatons of fission yield.

Mr. RAMEY. That is what I was trying to get at.
Dr. MACHTA. The total number of megatons of fission yield which

have been detonated prior to the resumption of nuclear tests in 1961
was approximately 92 megatons or 9.2 me~acuries of strontium 90.
The worldwide contribution appears to be 5.2 as of May 1961.

Representative PRICE. When you say “total amount ,“ you include
all t

Dr. MACIITA. Yes, sir.
Represent ative PRICE. TTnited States, IT.S. S. R., ilnd even tllo

French ?
Dr. MACHTA. That is correct.
Chairman HOLIFIELD. Is it possible for us to ~Jut the amonl~t of

radioactive material represented by a millionth of a curie in perspec-
tive to the amonnt of radiation in terms of curies which are used in
the laboratory experiments on mice in order to obtain observable or
detectable mutations in the ~elletic field or somatic damage ill tl)e
mouse that is being experimented upon? I know this is not in your
field. I know you are a meteorologist. Bnt, in order to be nleanlng-
ful to the layman, I think they have to recotiqize what \veare talking
about when we are talking about a one-millionth of ;l cllrie :~1~(1ivhel~
we talk about forty-five millionths of a curie.

..

.
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I am not directing that question to YOU,but I am wondering if Dr.
Dunham or someone in the audience here could give us a feel for this
before he goes on. I think it is important that these numbers be
understood in relation to their practical application.

Dr. DUNHAM. In terms of cobalt 60 exposures which are the way
most of the exposures are done-some are done with X-rays for mice
in large-scale experiments-it is a matter of a few hundred curies of
cobalt 60, and the mice have to be a certain distance from that source
in order to get three-tenths of a roentgen a week and that sort of thing.

In terms of strontium 90 in people, or in mice, rather, I think it
is in the region of a hundred microcuries per kilo that you begin to see
regularly bone tumors and thin-m of that sort. Dr. Langham may
correct me on that, but I think that is about the lower level. HOW
about the Utah dogs ? Do you recall? I think it is in that general
range.

Dr. LANGHAM. Around a hundred microcuries per kilo where you
begin to get effects.

Dr. DUNHAM. It would be a hundred-millionths of a curie to pro-
duce regularly effects in mice and in dogs.

Chairman HOLIFI~LD.I think that puts it in perspective so it could
be understood, unless there is a confusion on microcurie and meg;curie.

Dr. DUNHAM. A me~ncurie is a million curies. A microcurle is a
millionth of a curie. A microcurie is a millionth of a millionth of a
megacurie.

Chairman HOLIFIELD.Excuse the question.
Dr. lMACHTA.I would simply like to point out that of the total

amount of strontium 90 available for worldwide fallout approximately
80 percent had been deposited before the resumption of tests in 1961.

Another surprising feature, although based on very limited data in
the Southern Hemisphere, is that the Southern Hemisphere strato-
sphere appears to have about as much strontium 90 as the Northern
Hemisphere’s stratosphere despite the fact that virtually all of the
stratospheric injections have taken place in the Northern Hemisphere.
This is one of the unexplained meteorological factors that we have
yet to explain.

Representative PRICE. The limitation on the data from the South-
ern Hemisphere is due to the fact that we do not have the equipment
down there.

Dr. MACHTii. We have one sampling point in southern Australia.
I think the equality between hemispheres is probably real in view of
the fact that many isotopes, not only strontium 90, but, for example,
carbon 14 data seem to sug est that the Southern Hemisphere has

7essentially balanced and equa ed the Northern Hemisphere in content.
This may simply reflect the mixing of the debris between the hemi-
spheres long after testing has ceased.

The second placard shows that one can compute inventories of
strontium 90 at various times. The placard shows them as of May
1960, November 1960, and May 1961. The observed worldwide at-
mospheric content derivecl from U.S. aircraft sampling are given by
the figures 5.3, 5.3, and 5.2. YOU will recall that strontium 90 has a
28-year half-life ancl SI1OU1C1clecrease about 21/2 percent per year.
Consequentlyfl tl~e observed small decrease is quite consistent with
one’ expectations.

I
1
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On the lower line of the placards is the amount of strontium 90
available for worldwide depositions based on a different method of
inventory calculation. The AEC has announced that approximately
92 megatons of fission yield or 9.2 megacuries have been released to
the atmosphere. Estimates have been made that ap roximately 3

Eme acuries have fallen out locally, leaving 6.2 availa le for world-
fwi e distribution. One can therefore decay the 6.2 to the indicated

dates and estimate the amount left in the atmosphere and on the
ground. The numbers in the lower line, 5.5, 5.4, and 5.3, are these
values. The agreement between the two methods of inventory cal-
culation is remarkably good considering the limited amount of sam-
pling information.

At the present time there is considerable doubt whether there is as
much as 3 megacuries actually deposited locally. If this was smaller
than 3, and it might be as small as 1, then each of the AIiX1-de.rived
inventorim 5.5, 5.4, 5.3 would be higher and a discrepancy much
greater. In such a case I think that the explanation for the dis-
crepancy lies in the fact that more of the fnllout. occurred over the
ocean where we have not properly measured the deposition. I will
talk about this in a few moments again, sil~ce it will arise in connec-
tion with another matter.

Now, so far we have talked about the worldwide fallout before the
Soviet resumption of testing. I would like to show the inventories
of the fallout on the third placard for 1958 and 1961 Soviet tests;
the 1958 findings are shown for purposes of comparison with the
1961 results. Up to the end of December 1959 approximately 0.63
megacurie had been deposited on the ground from the 1958 series.
This has been identified as of Russian origin by using the ratios of
short- to long-lived isotopes. Ren~aining in the stratosphere to the
heights of the aircraft measurements was approximately 0.17. The
total amount which we can account for is approximately 0.8 mega-
curie of strontium 90.

Mr. RMWEY. That would correspol~d to 8 me~qtons of fission yield’?
Dr. MAGHTA. Yes, sir. This compares with the amount which Dr.

Libby has announced as having been injecteri in the stratosphere of
1.24 to 1.5 megacuries. “Ilere is a clifference between the 0.8 and the
1.25 and the 1.5. We believe tlmt the likely explanation is inadequate
sampling. The deposition on the ground is probably low because we
do not adequately sample the oceans. We think there is more fallout
over the oceans than we are able to extrapolate from land stations.
This is the first of two discrepancies.

Inventory computations frolll Soviet tests in the fall of 1961 are
not nearly so good. The amoul~t deposited on the grouncl is poor due
to incomplete observations because the data has not been brought up
to date due to analysis lag. .1s will be seen later, the fallout np to
March 1962 is about the same after the 1961 test as following the
1958 Soviet tests. Lysing this infolnmtion. we have estimated 0.2
megylcllrie of strontium 90 fal]ollt. It has been caluculate{l that up to
70,000 feet the inventory of stmnt iIun 90 is about 1.3 me~lcnries.
The term “over” inclicat es that tl~e valum are probably greater tl~an
listed over this. The total anlount is in excess of 1.5 megacuries of
strontium 90.

The AIIC announ~ement, according to the placard, calls for approxi-
mately 2.5 megacurles released to the atmosphere, and again there

/.
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is a discrepancy between the AEC estimate and that observed. How-
ever, in this case, the explanation lies not in incomplete ocean sam-
pling, because you can double the value of 0.2 and not bring the in-
ventory even close to 2.5 megacuries. It is either the fact that there
has not been as much added by the Soviet test, or the following ex-
planation.

Placard 4 is a plot in which the North Pole lies on the left end of the
horizontal axis, the Equator is at the zero degree point and extends on
the right to 10° in the Southern Hemis here. The vertical axis is

ialtitude in thousands of feet. The heavy lack line without a numeri-
cal label, identified as “tropopause,” represents the separation between
the troposphere below and the stratosphere above. It has a break
at approximately 30° N.

The solid and dashed lines are isolines of concentration of strontium
90 of Soviet 1961 debris. The highest concentration is at about 50,000
feet close to the North Pole. Near the Equator the values decrease and
rise to higher altitudes. But there has been considerable mixing
southward along the meridian, at which the stratospheric sampling
has taken place, from the point of injection at 75° N. virtually to the gf*;*;2fiPii*$i ~%$f!wtiiwk:jti\:&;&,:@}i*:Hm

Equator.
In fact, a month or so later some short-lived isotopes from the Soviet

tests were observed in the stratosphere of southern .4ustralia.
The inventory calculations above were based on this cross section.

One can, in very straightforward fashion, determine the amount of
Soviet 1961 strontium 90 in the atmosphere, assuming the concentra-
tion is the same around the circle of latitude as at the meridian of
sampling. Above 60,000 feet, the concentrations become smaller,
from the orcler of a hundred to less than 10 units. The dash lines
reflect the lack of complete data.

It looks like the aircraft are over the tops of the nuclear clouds
at 70,000 feet. However, at two points, San Angelo, Tex., and Thule,
Greenland, we have obtained some balloon measurements. At San
Angelo, Tex., where air is filtered and equipment carried on a very
large ~lastic balloon, a large peak was found at 60,000 feet, corre-
sponding to the aircraft maximum at the same altitude. This is
indicated by the ]lorizontal line at 60,000 feet on the placard at San
Angelo, Tex.

At higher altitudes, the horizontal lines become shorter as the con-
centration decreases. At higher altitudes, the concentrations or the
lengths of the horizontal lines increase in length again. There is ap-
p~rently another cloud at higher altitudes above 70,000 feet.

The same picture, more or less, takes place at Thule, Greenland,
where the peak concentration is shghtly higher than that identified b.y
the Stardust, aircraft flights but decreases at about 80,000 feet and
then increases again at 90,000 or 100,000 feet.

It is quite apparent, I think, that some of the larger Soviet weapons
~vent to much higher altitudes than 70,000 feet, the ceiling of the Star-
clust aircraft: sampling. For this reasol~, a satisfactory inventory of
the total Soviet debris is unavailable.

The next subject is the ~eograpllical clistribution of strontium 90
fallout on placard 5. This 1sa map showiqg the fallout in mid-1960 in
millicuries of strontium 90 per square mile. Now one is discussing
thousandths of a curie of stront iunl 90 dispersed over a square mile of

86853 O+?f!pt. 1—6
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area. Thepoints ofobservxtion meshown bytheblack ilots. It. does
not show those in continental ITnited Stntes or Canccdct because there
are too many; approximately 80 or 90.

The heavy shading shows the itrea of the heaviest fallout. The lines
join points along which the fallout is equal. The interpolation has
been performed by the lVeather Bureau assuming that the amount of
fallout is more or less proportional to the amount of rainfall in the
same climatic region.

one can see that the highest fallout is clearly in the temperate zones
of the Northern Hemisphere. There is a slight. maximum in the tem-
perate zone of the Southern Hemisphere.

The placard also shows that there is a minor peak in the Midwest and
south-central part of the United States. It has been suggested that
this may be due to additional fallout from the Nevada tests. This is
probably partly true. But between 1959 md 1960, soil samples have
been collected by Dr. Alexander of the Department, of Abhculture,
who has collected z1l the samples shown on this chart, and analyzed
by the Health and Safety Laboratory of the AEC. The increase from
the 1959 to the 1960 values showed that there was also a peak at about
latitude 40° N., the same latitude at which the peak appems on the
chart. During this interval there were no NTevada.tests.

Apparently the worldwide fallout does tend to peak in the temperate
zone at about 40° N. in the lTnited States, possibIy due to the fact
that we have intense thundershowers, which may bring debris from
higher altitudes in addition to other processes which generally in-
crease fallout in the 30° to 60° N. band.

Representative PRICE. Mr. Ramey has a question.
Mr. RAMEY. This confirms the sort of theory you expressed in 195’7,

that this would bet he case; is that not correct?
Dr. MACHTA. I am not sure 1 can take credit for having predicted

this particular phenomena.
Mr. RAMEY. The so-called banding phenomena.
Dr. MACHTA. There is no question tmt there is a banding phenomena

takiug place, virtually all of which has been derivecl from the strato-
sphere. This much has now been am~)ly confirmed. But whether or
not one should have found a peak in the midsection of the country,
this I don’t think I !~ave preclicte(l.

The two oceanic maximums are associate] with the storminess which
occurs with the Icelandic and .Ileutian low pressure arens. These are
regions of very heavy rainfall.

Chairmal? HOLIFIELD. Fortunately, that fallout ocmlrs over the ocean
and very thinly populated islancls.

Dr. MACHTA. >-es. I may point out that this chart shows fallout,
over the oceans based on a few stations, for example, in Scandinavia
and Bermucla, but it is likely that the fallout is heavier than is shown.

Dr. Bowen? of Woods Hole Ocean(?graphic Institution, has l~el~
sampling various clepths of the ocean for the strontium 90 concent ra-
tion in water. Wlli]e the water is in constant motion and it is inl-
proper to mt~gmlte in the vertical to fincl the total amount of delmsitioll
at a given polntj nevertheless l~e Ims enough sampling points to s[[~~est
that the fallout is greater than has been suggest ecl by ext rapolat io]l
from land-based stations by a factor of lougldy two.
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Similar studies in the Soviet IJnion have suggested the same over-
water fallout excess. The best hypothesis for the extra fallout is
that there are salt particles near the surface of the ocean to which the
strontium 90 aerosols attach themselves, and these are brought back
to the seas and oceans.

There are additional mechanisms besides rainfall which may de-
posit material over the oceans. There is evidence that fallout over
the ocean is greater than extrapolation from land and rainfall data.

In placard 6, the North Pole lies on the left, the Equator on the
centm, and the South Pole on the right. This irre5@ar scale is such
that equzl lengths cover equal areas on the earth rather than a linear
latitude scale. The total amount of fallout to mid-1961 is the upper
line . This has been derived from the previous placard plus fallout
collected in the pots and funnels on z month] y basis. We have taken
soil accumulation to mid-1960 and added this to the AEC pot rSSUltS.

The eak occurs from 30° to 60° N. as already suggested yesterday
by Dr. b unham.

The middle curve shows the distribution of fallout from the U.S.S.R.
fall 1958 test series. This likewise shows a peak in the temperate
latitudes from 30° to 60° N. and virtually nothing appears in the
Southern Hemisphere. The bottom curve shows the fallout from our
Hardtack summer 1958 test series. This has been identified by the
unique tracer, radiotunegsten, which w-as injected into the lower equa-
torial atmosphere at the Eniwetok Proving Grounds.

Again there is a tendency for a. peak in the temperate latitudes in
the Northern Hemisphere and a suggestion of one in the Southern
Hemisphere.

Representative PRICE. But you don’t show much of a curve anyplace.
Dr. MACHTA. hTo. This fallout has been more uniformly distributed

over the globe than the fall 1958 soviet tests. The peak in the temper-
ate latitudes of the Northern hemisphere is about, twice that of the
Southern Hemisphere, although there is a paucity of data in the South-
ern Hemisphere. lt is clear that no matter where the stratospheric
injection takes place, whether it is near the Equator or the ~~olar re-
gions, it is the temperate zone which seems to get. the greater btilk of the
fallout. This placard is evidence for this conclusion.

Mr. RAMEY. That is the banding?
Dr. MACHTA. This is the banding referred to many years ago and

which has now been definitely confirmed.
Placard ‘7 introduces the next subject; the seasonal variation of fall-

out. The month of the year is shown on the horizontal axis, and the
amount of strontium 90 fallout is on the vertical axis. The units are
megacuries because the total amount of fallout on the entire northern
hemisphere is under consideration.

The spring period is shown in the shading. The total fallout in
the year 1959 is shown by the uppermost curve labeled “total.” It
shows a peak in the months of March, April, and May. The second
curve, labeled “IJ.S,S.R. fall 1958,’! shows a pattern very similar to
the “tots]. ”

Using the radio tungsten data, one is able to obtain a seasonal
trend m the fallout from the United states 1958 sllmmer Pacific tests
in the lower equatorial stratosphere. This is shown by the lower
curve. It likewise tends to peak in the spring season of the year, but
the peak is much less marked than the other two curves.

.,,



78 RADIATION

We therefore argue
place in the polar or equatorial region, there is a defi<ite tendency
for peaking in the spring. However, when the injection is made in
the polar region, there is more of a spring peak than in the case of
the equatorial injection.

The fiagres in the upper righthand corner of the chart indicate the
fraction of the total fallout attributed to each of the sources. For
example, during the 3 spring months, March, April, and May, 73
percent of the fallout could be attributed to the Soviet 1958 C)ctober
test series, 13 percent to the Hardtack tests in the summer of 1958, and
all the other prior tests contributed only 14 percent. Most of the
fallout in the spring of 1959 came from the rapid fallout of the Soviet,
Novoya Zemlya tests in the fall of 1958.

Placard 8 shows the fallout over a series of years from 1958
through 1961, and the zones for the spring of each year in the Northern
Hemisphere have been labeled in one sector, and those in the Southern
Hemisphere in another sector. March, April, May are the Northern
Hemisphere’s spring months, and September, october, November for
the Southern Hemisphere spring months.

The upper curve, identified by “Northern Hemisphere,” shows the
fallout in the Northern Hemisphere, and during each spring season
of the year you will find there is a definite peak. The most marked
peak occurred after the october 1958 Soviet test series, in the spring
of 1959.

In 1960 and 1961 there were also spring maximums despite the fact
there were no previous tests in the autumn of 1959 or autumn of 1960,
suggesting that the mechanism which hrinb~ the strontium 90 down
from the stratosphere is a meteorological process.

In the Southern Hemisphere there is no evidence of any seasonal
variation at least to 1960. The wiggles on the placard for the south-
ern Hemisphere curve show no seasonal trends. In 1960 there is a
tendency for peak in the spring of the Southern Hemisphere, nnd the
suggestion of another one in the spring of 1961. The realities of these
are still open to question because they are not, pi~.lti~~ll:trlymarked.

The reason for the absence of ii spring peak in the sollt hem ~~en~ i -
sphere, which meteorologists would have expected On tile basis of the
fact that the two hemispheres are similar, has two possible explan:t-
tions. One is that there may, be meteorological {liffe.rences between
the hemispheres. The more Ilkely explanation is the one to which I
hold. There mzy be another so(lrce of fallout for the Souther])
Hemisphere; namely, cross-equatorial flow from the troposphere of the
more highly cont:~mil~tited Xort]lern Hemisphere into the, lws con-
tamirmted Southern Hemisphere. This transfer may he i rregu iar ill
time. The Southern Hemisphere st rat osphere may bavc a regular
fallout pattern, but the radioactivity derived from the Nor-t l)er]~
Hemisphere troposphere ma-y confuse this seasonal patt erll. Ill
1960 and 1961 both hemispheres 1121{1about the same concentrations,
hence the Northerl~ Hemisphere sollrce beci~nle m) inlpolt ant,

The evi{lence for this thesis is S11OW1in pl:lcard 9. ~vl]icl~sl~ows (l:lti~

collected by Dr. GIlstafson of .lrgonne N-ational I,al)orat ory for all
isotope, rhodium 102, which was injected (luring the U.S. hig]~-:dt itude
test of Artglwt 12, 1958. The fallout in both hemispheres was about
equal for this particular isotope. One hemisphere is not more. hezvily
contaminated than the other hemisphere.

STANDARDS, INCLUDING FALLOUT

that. no matter whether the iniect.ion takes
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In the Southern Hemisphere, the curve labeled “Santiago, Chile,”
shows definite evidence of a spring maximum in 1959 and a suggestion
that the same trend is taking place in 1960 by the upward trend in the
curve. This placard contains the latest data available for Santiago,
Chile. The peak is delayed a little more than one might expect, but
the fact that there is a seasonal trend is quite clear. At Argonne
National Laboratory, one finds a definite peak in the spring Of 1960
and a suggestion of another peak in the spring of 1961.

Here is a case where the Northern Hemisphere is not more heavily
contaminated than the Southern Hemisphere, and one finds the ex-
pected seasonal variation in the Southern Hemisphere.

The next placard, No. 10, shows the cesium 137 air concentration in
Argonne, Ill. The air concentration of cesium 137 permits one to
view the latest available fallout infornmtion. Most of the other long-
lived radionuc]ides do not extend beyond about February of 1962.

The horizontal axis is the month of the year, and the vertical axis
is the air c.onceui r~tion. The uppermost curve is the 1958–59 fallout
from the October 1958 TT.S.S.R. test series. For this curve the fiyt
month, October, is October 1958, and the last month, on the right, 1S
September 1959. We have seen previously that there w,as a definite
peak in the spring of 1959, and that is again shown by the uppermost
curve.

In 1960-61 the total fzllou-the lowermost curve derives from all
test series-had decreased by about a factor of 10 from 1959 because
of the test moratoti urn and there were no new large-scale injections.
.4 peak appenrs in this curve, displaced by a month or two from the
maximum in 19<59.

The fallout in 1962 attributed to the 1961 Soviet tests is shown
by the middle cl~rve. It is incomplete, extendinq only throu~h May
of 19&2. In the early months, from October 1961 to about January
or February 1962, the levels of fallout are about the same as October
1958 through February 1!359. Values are a little higher or lower in
one place or another. After February it looks like the levels of fall-
out are considerably lower tl~an they were in 1959.

This may seem z little bit strange in view of the fact that the an-
nounced yields called for 25 megatons to have been iniected in 1961
and only 12.5 to 15 megatons injected in 1958, both by the Soviet
lJnion. Straight extrapolation would require the fallout. to be higher
in 1962 by a factor of 2, but, ap~arentl~ the fact that the clouds sta-
bilized at, higher :lltit,ndes and the possibility that the weather condit-
ions were not exactlY t]le same this year as they were in 1959 appar-
ently have contributed to make mlr spring fallout up to this point not
as he~vy as we would expect, it by the simple extrapolation if the
injection numbers are correct.

I think I have Ilsecl my time. I have a few other placards to show,
if yon :Ire interested{ in any predictions of fallout, of events which
~VOllldl)e of ellrrent interest,.

Represent at iYePRICE I think you should go on.
I)r. M.i{[lrr.i. h[ay I Please ?
1+’orthe Predi eti~)n Panel itnd because of current interest, I would

Iiko to ]n:l~e sol~le ~stinl:ltes ~}f f:l~lo~lt,for injections made into three
pllces into the strntospl]ere.
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Placard 16 shows the North Pole on the left, Equator on the center,
and South Pole on the right, and the altitude in thousands of feet on
the vertical scale as before. The tropopause is shown by the lower-
most line. The stratosphere is divided into a series of zones. It is
argued that in each zone the fallout will behave more or less the
same, but fallout may be different from one zone to another.

Consider first the lower polar stratosphere. This would correspond
to injections from Russian tests with yields up to a few megatons.
Second, zone B is in the lower equatorial region. The Chr@tmas
Island tests in the lower megaton range will add debris here. Finally,
in the very high atmosphere is a zone where rocket tests may be inject-
ing their debris.

Our predictions are largely based on extrapolations from previous
experience.

Placard No. 17 displays the North Pole on the left, the Equator in
the center. and South Pole on the right. The relative amount of
fallout is shown on the vertical axis. ‘‘

For injections into the lower polar regions, the upper curve shows
that most of the fallout is expected to take place in the ’30° to 60°
band and almost all of it in the northern hemisphere. For the Christ-
mas Island tests, the stratospheric component. is expected to partition
equally between the hemispheres and peak in the 30° to 60° bands of
both hemispheres.

For very high altitude explosions, these which inject debris to
hundreds of thousands of feet of altltude, the geographical pattern
will be about the same as the lower equatorial pattern, except that
the levels would be somewhat lower because of its longer residence
time. Further, there will be more time for radioactive decay and
there should be virtually no short-lived isotopes.

Placard 18 shows the relative deposition for. successive years after
the time of injection. The horizontal scale is the number of years
after the injection has taken place, and the ticks indicate the winter,
spring, summer, and fall. The bars indicate the spring zone of each
year showing the predicted maximum in each spring season.

The injections macle in the lower polar stratosphere show- a very
marked peak in tile first year and a decreasing fallout in successive
years. After 4 years there won’t be enough fallout, to be measurable.

The injections macle in the lower stratosphere from Christmas
Island will fall out in much smaller amounts in the first, year but ~~-i]l
take much longer time to be depositecl. Maxima will oiscnr in the
spring sexsons perhaps as long as 9 years later.

Ancl finally, we can compare t]le lower eqllatorial stratosphere ~vith
injections from the very high altitllcle on placxrd hTo. 19. This
placard S]IOWS a peak in the first year- for the lower equatorial in-
jection zncl at tbe same time l)racticallY no material was brol~ght dew])
to the g-round from tbe nigh atn)osphere.

In later years nuclear C1OU{1Splaced in the high attnospllere may
actually prodllce more fallo Llt tlmn from ClOLIdS in the lower eqll;t-
torial stratosphere for all equal injection.

I would like to conclude by st:lting that we have learned mLIClI ill
the years since 1959, mainly about the nature of the fnllout. I;llt 1
feel that the meteorological profession has not kept abreast of this
progress. our predictions, by tind large, are based on extrapolations
from past experience.
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Representative PRICE. Doctor, has there ever been a recommenda-
tion about doing something to improve our adequacy of detecting
fallout over the oceans ?

Dr. MACHT~. Yes; this has been considered in the Division of
Biology and Medicine. It is a tremendous job; not only is the radio-
chemistry difficult because of the low concentrations, but the oceans
are very large and the sampling program expensive. A sea water
sampling program is under consideration in the Fallout Studi~ .,,: ,;,,,;,(,,,,L,,(,,;::+,.,,,,.,,,~~,~::l~ttl~:[i.?~. ‘“

?:\:.:,\\t\1!!~i*ill!!!!i~li:!:;:j$'\`:''$itt`;:)```.~~,,,
.,.~.+’,.’,$:i;i;~::iJi~,...\\..),\$\,~,\\;,;,\,>!(,$.$:,$,~t:;$.,:,>>(,::.:::::~,,,.,,$\,L\,i&:(:j;\;.:>::i\,,

Branch.
,,,~,;+\ ., ,s:i,.,,i$:,’~.,,’..,;:,:,

Representative PRICE. In your prepared statement you speak of

,: ,,:fi;,,., :,, ,.
,.,., .:,../ ,,. .. ,$,k~~~~.,,,...:,:,:,1,;,/;(,{$&<+:s.!.,.

a lack of unanimous agreement among meteorologists. What are

,... . .,,,,...,,,.,,.. ,

the main points on which meteorologists have divergent views and
what. are their im lications in regard to fallout?

Dr. MACHTA. 8 ne difference of opinion can be used as an example.
.Several people believe that there is a circulation, a net flow of air,
from the equatorial region toward the polar regions of both hemi-
spheres. There is another group which believe that the transfer
takes place from the equatorial to the polar region by mixing proc-
esses. It would appear that the results which from the Soviet 1961

,$$+&;f~y*q:;-*~{;;*~::{{$\:}’i;:+:.{.;t>;;f!&?3,*$m?G~:*w:<fm

tests would tend to support those who believe that mixing is the main
process.

However, in terms of practical IYSU1tS,the forecasts which are
made by both of these groups appear to be similar. So it is more of
an academic than a practical difference.

Representative PRICE. Mr. Ramey ?
Mr. R.\MEY. <It the time of our 1957 hearings, the main theory or

the official theory that, was expounded was the so-called 10-year resi-
dence time and equal fallout in the Southern as well as the Northern
Hemisphere. This was pretty much the theory, as we understood it,
as expoimded by Dr. Libby. What has happened to that theory? 1s .: j!
that theory the one tlmt IS being applied only for the highest alti-
tude shots, and these i]) the ]ower stratosphere are not working out
that w-my?

.:

Dr. ~~,icrrr.i. Irery definitely the evirlence now suggests that injec-
tjolls made ill the po]ar regions Ire coming out much faster than with
a mean residence time of 10 years. This is agreed upo]L by everyone,
iind you snw the data for this earlier today. Most people, I think,
I)eliele thilt even injections made in tile equatorial region, except at
very nigh altitudes, are prob:lbly deposited at a rate faster than the
10 years just referred to.

.\t the time. T)r. I,ibby made his estimates many years ngo, there
were incomplete data an(l he made his predictions on the best infor-
mation t]len avail ab]e. The presel)t data would suggest that the fall-
ollt is depositing faster tlla]l the fzllout rzte estimated by Dr. Libby
mnny years ago.

Represent at ive PR1cE. Ale there any questions ?
(’hairman HOI, ILVEt.~..i very fine presentation, Doctor.
Rel)resellt at ive PrtrcE. .~ re there aIly other questions?
1f not, tlmnk you very nlllcl], I)octor. Yell certainly presented a

\“~l’Y\“illllilble papel. to tl~e m]nmittee. We are glad to have it.
Tile uext \vitness will be Dr. (’yril 1,. Comar, T)epartmellt of Physic-

al Biology, Cornell University.
Dr. Comar.

$:

,,, ,:



82 RADIATION STANDARDS, INCLUDING FALLOUT

S!I’ATEMENT Ol?DR. C!yRIL L. C?OMAR,’I)EPAR!L’MEN’I’OF PEYSICAL
BIOLOGY, CORNELL UNIVERSITY

Dr. CO~AR. Thank you, Mr. Chairman. It is a rivilege to ap-
Tpear before this committee and to acknowledge pub icly the whole-

hearted support of our wo~k by numerous Fedend agencies, es ecially
bthe Atomic Energy Commission, Public Health Service, and apart-

ments of Defense and Agriculture.
Tribute is also due to many colleagues whose names are well known

in the scientific literature.
Contamination of food and water represents the primary pathway

by means of which the human population is exposed to radiation
from worldw-ide fallout.

The principles governing tile movement. of ftllout radio contami-
nants through the food chain llit,ve been described fully in the 19.59
hearings of the Special subcommittee on Radiation, and in the
literature.

There has been much confusion regarding the comparative ~vllole-
someness of various constituents of our diet, a confusion that could
be dispelled easily by an understanding of a few basic facts. This
report is an attempt, to reemphasize in as simple and blunt a way as
possible a few of the most important principles in relation to present-
day matters of public concern ; such col~cern seems to revolve about
the undertaking of individual action to recluce the dietary il~take of
radioactivity and the prediction of future level’s of dietaly radim
activity.

For clarity, it has been clesirab]e to oversimplify, hut it sl]oLdd be
noted that extensive research by many scientists an(l in many tielck
has been necessary in order to single out these few important factors
and present a simple but realistic pattern of events.

Attention is here given primarily to iodine 131 al~tl strontium 90,
since these two nuclicles are tl~e “ones 1ikely to prod(lce the largest
radiation exposure.

It should be pointed out, ho}veiel, tlmt i~~tensive research is being
carried out on all aspects of fission procluct metabolism tl~at may
conceivably have any benring o]] radiation exposure.

Iocline 131: Iodine I;;l is prmluced by nuclear w-eapolls i]] relatively
large amounts, lms a llal f-life of about 8 days, is transmitted efficiently

;(
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I)r. Cowl r is u mrmher of the IJood I’r<,t(,rt ion Committw of the Nzltionill ,\c:(dem.v of
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through food chains, and is depsited within the body in a small
gland—the thyroid. Because of its 8-day half-life, 1131injected into
the stratosphere disappears by radioactive d~ay almost entirely be-
fore it can be returned to earth. It is likewise true that the 1’3’
reaching the soil will disappear by radioactive decay before it can be
taken up through the roots of growing plants and thereby be trans-
mitted to the food of man.

Chart I shows the route of 1“1 through the food chain. There ww
two primary pathways. The radioiodine is deposited from the at- ~~:“’:!!’:~~:~;~~~’;~i~f~fiV~!’~’” ~N:::’ ‘~~~]l’~~;~;~;~~~~(~l::~’l:.~i;~l~

,, ;,,,,,,,,;,:,:,,,,,:,$j:i:::ro{\,,,,;,.,,,j,,>,..,\, ,.,,.,,,,,,,,

mosphere on the surface of vegetation which is grazed by dairy
,,~...(,,,,,. ,.., ,.,,,,,.,.${,,.., ,... , ...... . . ,. ..~(:;~,,...,

animals, and the ingested radionuclide secreted into milk.
Man also inhales 1131that is present in the air. Exposure of man

to 1’31 could also occur by consumption of fresh fruits and vegetables;
however, such consumption is minor since it norma]ly represents a
very small surface area of plant compared to that grazed by an animal,
and most often the surface contamination of fresh fruits and vege-
tables is removed by washing or- skinning before consumption.

AS supported by recent work of J3isenbud and coworkers, there seems
little question but that fresh milk is the main contributor of 1’3’ to the
human diet. AS kdicated on the clralt, for example, individuals in
New York City in C)ctober 1961, who had from 300 to 700 picocuries
(micromicrocuries) of 1’” in the thyroid are estimated to have re-
ceived only about 20 picocuries by inhalation.

If the need should ever arise, there are several factors that simplify
the reduction of exposure to radioiodine: (I) only one item of the
diet, fresh milk, is an importilnt source of contamination; (2) the
half-life is short enou.gll so tlmt substitution of processed milk or dairy
products for fresh mdk effectively reduces the level of contamination
in the diet; ( 3 ) measurements are relatively simple and rapid because
of the radixt,ion characteristics; (4) the time periods during which
1’3’ could be of importance can be predicted from knowledge of the
detonation of nuclear devices.

Strontium 90: It is generally accepted that the movement of
strontium through the food chain is to a l~rge extent interrelated and
governed by the simultaneous movement of calcium.

Stable strontium is normally present. in the food chain and an un-
derstanding of the behavior of rndioaetive strontium added by man to
the food chain can most easily be. gained by consideration of the be-
havior of stable strontium wrd calclurn.

As will be pointecl out later, Sr Sn~l.ill ~lot exact]Y parallel the be-
havior of stable strontium until steady state conditons leading to com-
parable physical distribution are attained in the future.

As time passes after the cessation of testing or even after constant
testing nt xbout the same rate+ there will be an approach to identical
behavior.

Cllxrt 2 shows some actuzl data primarily from extensive British
surveys ,givill.g typical daily illt:akes :lncl boc]y contents of c:llcinm and
Stable strontlllm expressed ill mill igrnms.

[ have ~)ut tIle Ilumbers (loi~-n IIere to gi ye some feel for the act Ilal
anlollnts il]volved. These are no~v ill tile same units.

Tile sol~rces of calcium are. l)roke~l (lo}wl into mill!, plant foods,
and “otlier” which incllldes fisl), c,ggs, n~wtt? a]lcl mlnerwl sources.
~~alues for tile ~Tnited States woIlld be sini ilar except that the “other”
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catigory would contain about 250 milli~ams less and the milk about
250 milligrams more calcium; the relatwe strontium-to-calcium rela-
tionship m milk would be about the same as indicated.

This difference comes about because the British enrich their bread
with mineral calcium, whereas in the United States milk solids are
used for this purpose.

The meaning and implications can better be grasped from chart 3,
which presents the same information- normalize to a Sr-Ca ratio in
the diet of 1.

It is first noted that the Sr-Ca ratio of milk is one-tenth that of the
plant foods. The milk value is 0.22 as com ared to the plant value

Tof 2.2. This is because the cow preferential ly utilizes calcium over
strontium by a factor of 10 for milk secretion. It is obvious from
this diagram that if an individual reduced milk consumption to zero
and derived all of his calcium from plant sources, the Sr-Ca ratio of
his diet would be doubled.

In other wordst if an individual reduced his milk consumption to
zero and all of hls strontium and calcium came from plant sources,
the value would be 2.2 instead of what we see as 1 in the total diet.

Chairman HOLIFIELD.This is a very important comparison you are
makmg there, Doctor. Those who advocate to stop drinking milk
because of the content of it would be in the position of advocating the
element in food which is only one-tenth of that which would be de-
posited on vegetable plants, if I understand your comparison.

Dr. COM~R. This is correct. This is a major point that I did want
to bring home.

Chairman HOLIFIELD.Of course, the other side of the picture would
be that because of the fact that milk is consumed more by infants
and children rather than plants, that, milk, still from the standpoint
of children and infants, would be the greatest contributor to their
absorption; is that not right 1

Dr. COMAR. That is correct. , .<,:,
Chairman HOLIFIELD.Particularly young children that have not

yet gone on solid diets?
Dr. COMAR. Yes. But if plant sources were substituted for milk,

even for young children, this would then tend to raise the strontium-
to-calcium intake.

Chairman HOLIFIELD.Would you state specifically the major point
that you said you wanted to bring home here f

Dr. COMAR. I have repeated this several times, and it will come up
again. It is this: That If an individual reduced milk consumption to
zero and derived all of his calcium from plant sources, the strontium-
to-calcium ratio of his diet would be doubled.

To carry on, conversely, if an individual derived al 1 of his calcium
from milk, his diet would have about one-fifth the typical strontium-
to-calcium ratio.

In a minute we will talk about the actual situation in regard to
strontium 90 which does not come up to this particlllar chart as yet,
but will approach it with time.

Chairman HOLI~T~LD.Will you gi~e us the sign iticallce of tl~e bal -
ante of that cbzrt, Doctor, where you show mother’s milk as one-tenth ?

Dr. COMAR. I will rome to that in a moment later in the statement.
The significance of this point is emphasized by recognition of the fact
that the amounts of strontium 90 and calcium in the total diet de-
temnine the body burden of strontium 90.
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It should also be noted that value of the Sr’O content or the SF’O/
Ca ratio of any individual dietary constituent cannot by themselves
be used to assess the degree of exposure: for such an evaluation it is
necessary to know the total amounts of SrgOand calcium in the diet.

The ratios of Sr/Ca in the body, the fetus and mother’s milk n+
fleet the usual biological discrimination against strontium in favor
of calcium. This behavior is usually expressed in terms of the ob-
served ratio; for example, :::::+:+i.i(: ........$..;,,:,.:,:.,,..,,:.;~,+<.,,:,,..:,,,.~s~~.,.,,. ~

OR :’:.,:<.: :$@::\.:,, :,:, .,,,>,.......~,$,~.~.$.,$,.,,,,.,,,.~!,!$s,~,t,,,,,i.,..,“~’,‘,‘:,::,!:::!
=0.25.

.,!:,.:,:,:,~,,,:,.:.!, ,;,:,\,;..:,\,(,{;::;::;;.;:’::~/:;:;,,,,,..,,,.. ~,,..:“
body/diet }“” ,.

The varhbility in differential behavior, the processes involved and
the application of these concepts have been studied most intensive

Kin the laboratory, documented in the literature, and generally accept .
I had not intended to go into this phase in any more detail unless

there is some question on it.
Chairman HOLIFI~. You, in effec$ say here that this shows that

although there is that reading of 0.22 m the milk, that does not neces-
sarily mean that the body absorbs that. ;;<,:.jr\+:::,’i+,.&,*e*;$,;{ :~~,\,,,,J:;,,,,,“. ‘ ‘-,,6-.<..:-l~..,~:{~fi~+i:~;~:!!.~lj?~.?;f<:$

It discriminates against some of that in favor of the collection of
... . ..

calcium and, therefore, there is a lesser absorption that the figures
shown there, is that right t

Dr. COMAR. Yes. It is perhaps easier to consider it in terms of the
ratios. If the total diet had a ratio of 1, then in the body the stron-
tium to calcium would be 0.25.

If a person were consuming milk alone, his total diet would be 0.22
and the ratio in his body would be about a fourth of that, or 0.05.

Mr. RAMEY. Has there been any change since 1959 in your views as
to what this ratio is based, on further evidence!

Chairman HOLIFIEL~. The discrimination factor.
Mr. RANIEY. Yes.
Dr. C’OMAR. The value for adult man seems to be gaining more sup-

port; that is, the value of 0.25 seems to be supported by the newer
evidence that is coming in.

As Dr. Dunham mentioned yesterday, for younger children the
value may be up as high as 0.,5. For infants it might even approach
1 for a short time. But these experiments are not yet in, in enough
detail to make a firm statement.

Mr. RAMEY. How about the factor of pickup from the soil of stron-
tium. In our prediction panels, I believe, in 1959, the estimate ap-
parently was assumed that you would get It. all from the soil.

Dr. COM~R. I am going to discuss that later on if I may defer the
question t

Mr. RAiWEY. Very well.
Chairman HOLIFmA~. Will you proceed, please, Doctor?
Dr. COMAR. The discussion so far has been concerned with the

steady-state behavior and it is of interest to consider the actual state
of affairs in the last 2 years.

Chart 4 presents values for SPo/ca expressed as in previous dia-
grams. The differences between plant foo& and milk are not as great
as will be attained under steady-state conditions for reasons that will
be discussed presently.

Nevertheless?, plant foods have a hi,gher sFO/ca ratio than the typi-
cal diet, and milk has a lower value.

,,
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The next three charts present data that demonstrate this by the
comparison in three cities of levels of Sr90 per gram of calcium in a
typical total diet, in the milk contained in the diet, and in the non-
milk components.

Senator AIKEN. May I ask, what do you mean when you say plant
foods of a higher strontium 90 ratio in a typical diet and milk has
a lower value?

What do you mean by lower value? Lower value as far as amumu- ,:,,j,, ,, ‘“’’’’’”~’~“,,,,,,. .. ..$.,$,~t.:,,i,:~~~ii i,$,., ::::;\;\,,,.,:,;:,::,,,,..:,,.,,,.:,$s... :::~.:.: ::’::$$~:~,~;,,~,..:.;.,$,$,,,.,,,;::.,:,..,’:,.,:,{,>,.,,,,.,..,,, :,...:

lation of strontium is concerned.
.:.,::~)~,,,~,,,!.., ,.::::::::~,.,:~::(.:’,,,\ ;:l:::t~t.:(:~i<,..::i?. . ... . ... .,.

Dr. COMAR. This refers to the actual strontium 90 to calcium ratio ,,.,,...,, .,

in the milk as compared to plant foods. Carrying your question
further, as far as we know, the ratio in the body will reflect that in
the diet, whether it originates from the plant or whether it originates
from the milk.

This is illustrated further by the charts which were taken from the
Tri-City study carried out by the Health and Safety Laboratory of
the AEC in New York. On can see very readily here that the milk
values are lower in terms of strontium 90 per gram of calcium.

The nonmilk components of the diet were higher than the diet,
,., ,,

‘;;+:;:ifil>k:+<: ;!:::;:\.*,w,**#ti?, ),::,>,!K?.():,J!{,.$:., . ,.,,,, ,... ,.; ,;~ ...+,,.$ ;+’:,,4<;?:;;,:!;:*

itself.
Senator AIEEN. That chart was not prepared by the New York City

Health Department, was it?
Dr. CoMiiR. This chart was prepared by our staff from the data

that was published by the HASL laboratories.
Senator AIKEN. By what laboratory?
Dr. COMAR. The Health and Safety Laboratories of New York. It

is an AEC laboratory. May I have the next chart? That was for
New York.

The same situation for Chicago. And the same for San Francisco.
The values on the ordinate are picocuries or rnicromicrocuries of
strontium 90 per gram of calcium, ancl time on the abscissa, 1960
through 1961.

Representative PRICE Doctor, I think what Senator Aiken is prob-
ably trying to get a!, is whether or not this reflects a favorable situa-
tion for .mdk as a~amst plants or a nonfavorable situation.

What does it reflect?
Dr. COMAR. I would think it would indicate that a person drink il~g

more milk would develop a lower body burden of strontium 90.
Senator AIKEN. That 1s what I thought. I thought the New York

City ~~oard of Health issuecl a statement about a month ago to the
contrary which was not wel 1 received througl~out New York State,
incidentally.

Dr. COMAR. l’he State board of health, of collrse, is all entirely
(Iifferent organization from the health and safety laboratory of the ,,

commission.
Senator AIKEN. I think it is the city laboratory tl]at issued tl)e

statement.
Dr. COMAR. I am liot fan~ilhr }yith tl]e stiitenl~]~t a]ld I woL~ld have

to read it to be able to comment 011it.
Senator AIKEN. Ca]~ you explain why, we will say certain pacifist

<Yrotlps, concentl,zlte On nli]k as being the principal malefactor in theb,
diet.

For instance, I L11ow tliat tl~ey l~ave a sl~eet of poems they sing
and stories they axe sLlpposed to tell to their groups. I can reczil1
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one of them, “Oh where, oh where has the fallout gone, oh where can
the poison be, why ri~ht in the milk and the other things that the
milkman brings to me. ‘

I can give you other items like that. Why do the ultrapacifists
seize upon milk when obviously it is the less of the offenders, assummg
that any of them are offenders at the present time!

Dr. COMAR. I would like in generosity to think that it is a lack
of understanding on their part. They are just not familiar with the
ty e of thing we are talking about.

~ enator AIKEN. The result casts suspicions on their own motives
by doing these things and concentrating on objects which are obviously
the nonoffenders or the most so.

Dr. COMAR. That is right. If people want to strike because of
radioactivity they should strike against food.

Senator AIKEN. I will be glad to furnish their sheet of jokes and
poems for the record, if the chairman would like to have it.

Representative HOS~ER. Let us put it in the file.
Senator AIKWT. Although I did not find anything educational or

edifying in it.
Mr. RAMEY. Is it perhaps not part of the answer that the detection

network has picked Up milk and radioactivity in milk which is easie~,
perhaps, to measure initially and the network was distributing this
information and it has been harder, perhaps, to get the scientific
evidence on the other aspects of your diet that provide calcium.

It has been the purpose of this research and these hearings to try
to bring this out.

Senator .41KEN. The explanation given to us about 4 years ago, as
I recall it was this: That milk is a food which is available in every
county in the United States and, therefore,, the most convenient food
to carry out the tests on.

That is why milk was selected.
Dr. COMAR. It is a good sample for the purpose and has been

used. One has to understand that nll foods contain strontium 90,
mdk the least of all, I think if people really understand this they
can make their evalllat,ion.

Chairman HOLIFIELD.Mr. Chairman, the lay reader who reads our
hearings sometimes, if they do read them, sometimes makes the
statement. that this committee is attempting to minimize rather than
maximize the danger of fallout.

I think the record of this committee is so outstanding in the fact
that it has called upon all facets of scientific opinion to present their
professional opinion on the subject of radiation that it stands pre-
eminent in bringing to ]ay people as well as other people information
on the subject of radiation.

I believe that the record shows that we have striven very hard to
bring the facts to the peop]e ancl then let. them make their conc]m
sions according to their own judement based on the facts.

I find it, however, the same in this line of work as in any other line
of work that the people \\Thoread the l~earings pick out the points like
they pick out. the points in the President’s speeches that, happen to
coincide with their particular ph i]osophy and they ignore the points
which do not coincide with tl~eir J)ilrt iCU]:ir philosophy.

Representative PRICE. J~ill you proceed, T)m.+or ?
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Representative HOS~ER. I have one question, Mr. Chairman. DO
I understand, Dr. Comar, that the ratio of stable strontium to calcium
is a little lower than the ratio of strontium 90 to calcium in your
charts ?

Dr. COMML.Yes. As time goes on and we approach steady state
these ratios should become identical. But that would take many,
many years. So at the present time one of the earlier charts indi-
cated the actual ratio as compared to the theoretical.

In other words, with the value of total diet e ual to 1, milk now
1is running 0.6 to 0.9, whereas theoretically it WOU1 run 0.22. As time

goes on it would a preach this value.
Representative $ RIGE.Will you proceed, Dr. Comar ?
Dr. COMAR. I would like to have in the record the next paragraph

but it has been discussed among us and I think the point has been
well made.

Re resentative PRICR. The complete statement will go into the
$recor .

( Comdete statement of Dr. Comar will be found at the end of his
testimo;y, p. 95. )

Dr. COMAR. This concept is of such importance that I should like to
rwtate it in terms of practical application. Human beings and ani-
mals of all ages must have a certain amount of calcium in the diet
to build new bones and teeth or to remodel and rebuild bones already
formed. Calcium in the diet comes primarily from dairy products
and lant foods, both of which contain SrgO.

$
The calcium from dairy

!
ro ucts will most always have less Sd than the calcium from plant
oods because of discriminate ion by the cow.

If the consumption of dairy products is reduced without compen-
sating addition of minerals, the body has to use plant sources of
calcium for building and replacement of bone.

In effect, this means that reduction of the intake of dairy products
will raiw the Srg”-Ca intake and therefore the body burden of SrgO.
At present and foreseeable levels of SPO it appears best to follow
acce ted nutritional practice.

fT e question is often raised as to the advisability of supplen~enta-
tion of diets -with stable calcium or stable strontium, for purposes of
reducing the body burden of SrgO.

This matter is now considered, leaving aside the question as to
whether reduction of present and foreseeable body levels of Sr90 WOU1{I
in fact improve health.

The Sr90Ca rntio of the diet can be decreased by supplementation
with uncontaminated st,able calcium and this in principle should
decrease the Sr90 levels produced in the body or milk. Although such
reductions have been demonstrated in experiments with laboratory
and domestic animals, there are many considerate ions and unknown
variables that restrict ractical application.

Experiments with $airy cows have shown that long-term supple-
mentation of rations with stable calcium can redum the Sr90 levels in
milk, but probably not greater than a fi~c.tol” of 4 even under the
best conditions, because of abn?n-malit,y of diets.

There are uncertainties in regard to the efiwts on animal l~ut.ritiolI
and health from high calcium intakes over long periods of time, and
in regard to the length of time it requires for calcium supplenlent:~-
tion to become effective.
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$U plementation of human diets is not recommended. This is pri-
Fmari y because widespread excessive calcium intakes could lead to

health problems; in addition, the effectiveness of such pr~edures and
the proper balance of supplemental mineral intakes are not known.

It is especially important that individuals do not bake medically
unsupervised action. When calcium supplementation is required for
medical or nutritional purposes, thought should be given to the fact
that calcium supplements derived from animal bone contain SrgO.

Experience has shown that there is no ~vantage in the UW of ~~ble , :+::: :..,/~:::!\:,::V~~~@{(?L:$:;~~:::: :,:,:, ,,::,;,:.~j..
t;::’!’’J’::’:’:f:~:::~;:;~i:”’:’~$’f::.:~~~’”““””’’’’’’’’’’””’’’lfJt:i::~,J:”::’~,’:”::

strontium to reduce Srg” deposition in the body or secretion into milk.
,,

\, .,...,, ,,, ,,, ,,, ,,,, ,,(,,,,,
This is because the Sr’O behavior is governed by the total level of both
alkaline earths (calcium and strontium) and the amounts of strontium
required to increase this total level appreciably are sufficient to produce
side effects.

For purposes of prediction of future levels of Sr’O it is necessary
to consider the two major pathways in the food chain. These are in-
dicated in chart 8. The pathways are (I) surface contamination of
plants which are then consumed b man or grazing animals (the

zdietary contamination produced by t is pathway is entmely dependent $..c~:%-~:%f:i ,q@*-*;@. +3%%@@i*$$&,@@#’

upon the rate of fallout.) and (2) the accumulation of SreOin the soil
with subsequent uptake through the plant roots (cent amination pro-
duced by this pathway is dependent upon the cumulative total in the
soil ).

When the fallout, rate is high compared to the cumulative total, the
first or rate-dependent pathway predominates as indicated in the
chart.

For example, in 1957, when the milk contained about seven pico-
curies per gram of calcium, it is calculated that about four picocuries
came from the rate dependent path and three from the cumulative de-
pendent path. In 1961, however, one can see that the pathway from
the cumulative total began to renominate when there was 9.5 picocuries
per gram of calcium, 8 came from the cumulative pathway and 1.5
from the rate dependent pathway.

Because the plant foods that man eats are usually washed or skinned,
the expected tenfold difference in the Sr’O/Cz ratio between milk
and plant foods is decreased. As indicated, the cumulative-dependent
pathway becomes dominant with time after the cessation of testing
or even with a constant rate of testing.

Under these conditions, as implied in chart 9, plant foods are con-
taminated throughout and surflce cleansing would not greatly reduce
their Sr90/Ca ratio.

Mathematical relationships have been derived from measurements
of fallout rate, cumulative totals and levels in milk. The presently
accepted factors are indicated in chart 10.

‘l’he picocuries of strontillm 90 per gram of calcium in the milk
equals a rake component plus a cumulative component. The rate con-
ponent can be exl>re.ssed as some factor, a factor that we now use as
0.3 times the mill icllries per square mile per year, plus the cumulative
component, the factor 0.12 times the total deposition which is milli-
curias per square mile.

This formu]:k alIOWS calcll]:lt,ioll for the flltllre levels. It should
be pointed ollt that these factors are quite varizb]e, especially if col~-
verted to use with total diets, and should be applied only to large areas.

Another matter that needs to be tiaken into account is that Sr’O in
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soil may become less available to plants by a few percent per year be-
cause of runoff, redistribution by wind, removal in crops, and possibly
fixation in the soil.

Representative PmcE. Dr~ Comar, Mr. Ramay has a qtlwtion.
Mr. RAMEY. Is there any—in that formula that you gave there-

change in that formula or the basis of it since 1959 when we had our
last calculations ?

Dr. COMAR. The basic form is the same. There is more evidence now
for the numerical values of the constants. These have been determined
in three ways.

One, by looking at the situation recently where the fallout rate has
fallen to zero so that the total amount in the milk will be entirely de-
pendent upon the cumulative factor.

Another, by doing regression analysis over past years.
And, finally, another method by using field experiments to deter-

mine these factors. So that the values are becoming narrower in their
range and more reliable.

Rep~ent.ative PRICE. Dr. Comar, in this connection, do all the fig-
ures in your statement on different points of research and so forth
reflect updating since 1958 ?

Dr. COM.AR.Yes; they do, wherever possible. These have been SUp-
ported in the bibliography.

Representative PRICE. Your bibliography will indicate to us
whether or not these are different fib~res than we previously con-
sidered at other hearings?

Dr. COMAR. Yes. Either they are the latest figures that I have been
able to get hold of, or if they are the snme figures-as for example
in the discrimination factor—they are on a firmer basis than pr~-
viously.

Representative PRICE. Mr. Ramey.
Mr. R,AMEY. In Dr. Langham’s statement he is talking about the

estimates made in 1959 by our panel and he noted that there was some
discrepancy between then and now, that they were a little optimistic
or pessimistic. They indicated that there wollld be a greater deposi-
tion of strontium 90.

He said that this discrepancy is readily explained. The 1959 pre-
dictions were based on the assumption that strontium 90 in the diet
at that time was totally dependent on the integral surface deposition
level. This assumption led to overprediction of the 70-ywtr doses
by approximately a factor of 2.

Do your figures bear that out?
Dr. COMAR. Yes: I think they do. There is general acceptance

now-and I think Dr. Langhxm has taken this into account-that
certainly in the early phases a considerable amount of the activity in
the milk and in the total diet got there by the rate dependent process.

I think that is pretty firm. We didn’t have good vallles on that 2 or
3 years ago.

Representative PRICR. Will yml proceecl, Doctor’?
Dr. COM}R. I WOUIC1like to say a word now about cesi[lnl 1;1’7.

.
,,
,<,.

Cesium 137, much like Sr90, can e~ter plants both from surfnce con-
ti~rnination, a rate-dependent process, and from tlie soil, a mlmulati ve-
depenclent procws. Absorption of cesinrn 137 from soil, however, is
inefficient, it being estimated that soil absorption of (W:{7 is only one-
tenth to one twenty-fifth thzt of Sr””.
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This means that the rate-dependent process will be dominant.. The
level of CS137in the diet has not fallen as rapidly as expected from the
decrease in fallout rate, probably because of a holdup in the root mat
of pastures.

For future predictions it is probably best to base estimates of the
cumulative component on comparison with SrgO assuming that ab-
sorption of Cs13’ from soil is less by a factor of 10 to 25, but that
efficiency of secretion into milk is greater by a factor of 10.

The next chart shows the same type of approach for cesium 137,
where the factors are 1.4 for the rate-dependent component and 0.05 for
the cumulative-dependent component.

I must say, however, that this relationship is on nowhere near a
firm a basis as the one for strontium. This is about the best we can
do with the data at hand. It does bring out the point, though, at
steady state one must not ignore the cumulative component because
in the years to come the amount of cesium we see in the diet may come
almost, equally from the soil as compared to rate.

I would like -to say a word about radioactivity in the total diet
simply to give you a comparison of relative daily intakes of various
rathonuclides both naturally and man made.

The next chart, please. One notices that the daily intake expressed
in terms of picocuries of natural potassium 40 is about 4,000 picocuries
per day; cesium 137, about 50 in 1961; strontium 90, about 10, cerium
144, about 4; lead 210, which is a natural radionuclide, about 4; ra-
dium 226, which is a natural radionuclide, about 2; and plutonium
239, estimated at one-tenth.

Representative PRICE. Which of this group, aside from those you
have gone into already in cletail, do you consider of some importance?

Dr. CoM~R. The Prediction Panel later on will present some dose
predictions which will answer your question quantitatively.

There is no question that strontium 90 and, from the short-term
standpoint, iodine 131 are the most important. Cesium 137 is of much
lesser impoi-tance. The others m-e of even lesser importance.

It should be noted, of course, that possible effects on the popula-
tion—

Chairman HW,IFIWLX Let me ask you a question. I am not quite
sure.

Why do you rate potassium, K-40, along with these other radio-
:wtive materials? Is it raclioact ivej also?

Dr. COMAR. Potassium 40 is radioactive.
Chairman HoL]m~Lm It comes in the food naturally.
Dr. Con[im. It, is in the food naturally.
Chairman HOLIFIELD. 13y n. factor of 4,()()() units or picocuries as

a~rainst, 40 from cesi~lm 1~~.
Mr. R.mnm-. That, would be natural background?
Dr. COMAR. Yw.
Representative PRu;E. What is the IIalf-]ife ?
Dr. COMAR. About 10 to the. nint]l year, I believe.
Represent ative I1OSMEX.It is excrete(l by the body ?
I)r. (’OMAR. It, is turned over by tl~e body with a half time of

something like 60 to 80 days.
Represent at,ive Hosmm. The di fferel~ce., theq: is that these other

elements tend to remain in the bocly a longer per]od of time?
SGS53H2—Qt. 1—7
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Dr. CO~AR. Some of them do. Cesium behaves in the body like

B
otassium and is turned over relatively rapidly whereas strontium
ehaves much like radium and is sequestered in the bone.
I wanted to drive home the point that for years we have been con-

suming radioactivity in the diet and these are the relative amounts.
Many ~eople don’t seem to realize this.

Chan-man HOLIFIELD.Is there a different deleterious effect, how-
ever, between the potassium or the amount of radiation in the potas- ,,,:,:,;),,: .,, .,,:) .:,:::::,::,,{,.,( +;:j;~+.$y,i~:.:$:~:~:.:.’,.:,,.::,:,,>s. .,:,,.
sium and the amount in the strontium 90 or the cesium 137.

,,,.:::::;::::,:,,.,.;,!>,..:~,.,:>~,~,~,.......... ,,,,;:::::.,:\\:\:\.:i,:};,.::;;:::.!!.::+:,:,:,/,,$;: !,.,),,,:,::., ,, ,,,:,,.,..,:,,,,,,,,,,<,:,>,:,:$(,/

Dr. CO~AR. Yes. I was oin to add that one has to take into
,($~i

account many other factors %03si es the amount ingested. We can’t
get into this here. This, again, is a rewording of the old problem
of trying to compare the eflects of natural background with the effects
of an addition to the natural background, expressed in a slightly
different way.

Chairman HOLIFIELD.When you don’t know what the natural back-
ground effect is!

Dr. COMAR. That is right.
Chairman HOLIFIELD.It is a theory that the whole problem of

*$~j[~,w$#@+*+$\{*~;~$~$e~;*&$*’$&gW&%~$

natural background radiation having deleterious effects is a theory
that has never been proved in a laboratory; is that not true t

Dr. COMAR. I think that is a fair statement. There is no evidence.
Chairman HOLIFIELD.They are trying to work it out. The point

involved is that it is of such a low level that observable or detectable
deleterious effects are not observable,

Dr. CoM~R. They are not observable; that is correct.
Chairman HOLIFIEL~. And the only way that you can get observable

and detectable effects is to raise the rate of radiation much higher
than background radiation; is that a fact t
‘ Dr. COMAR. Yes. One would have to either do that or increase tre-
mendously the number of individuals on which observations were
made. It has been impossible to do this on an experimental basis.

Chairman HOLIFIELD. It is not proved, however, because we can’t
observe it and detect it, that there might not be damage involved.

It is merely a matter that we have not been able to prove.
Dr. COMAR. That is right. If one wants to make a deduction you

have to invoke the linear hypothesis and extrapolate clownward.
Chairman HOLIFIELD. Extrapolate into theory beyond the area of

proven knowledge.
Dr. COMAR. That is right.
Represent ative PRICE. You do not have iodine 131 on that list.

What is the reason for leaving it off ?
Dr. COMAR. In this particular study the samples were taken when

there was no iodine 131 in tlie diet.
Representative PRICE. How long ago were they taken ?
Dr. COMAR. These were taken in ,January and in May of 1961, the

samples that are represented by these values.
Chairman HCX.IIqELD. 13efore the Russian tests’?
Dr. COMAR. That is right.
Representative MOSMFR. Since you are eating food every day, I

take it, then, that the amount of radiation to which the body is sub-
jected is equal to 4,006 picocuries, being the total of the potassium,
lmd, and raclium from natural sources as against 64 picocuries from
the test-created elements.
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Dr. COWR. It is not quite as simple as that because there is a
differential rate of turnover in the body and one has to take into
account the degree of absorption and the rate of elimination.

SO that the evaluation is not quite as simple as you have stated.
Representative HOSMER Sinw potassiu remains in the body for

60 days, to give the same amount of exposure, cesium would have
to remain in the body 80 times 60 days; is that right?

Dr. CO~AR. For cesium and potassium the mmparison would be
a fairly valid one, but the others would have to be considered sep-
arately. 1 think later on when the Prediction Panel talks about dose
commitments this type of information will be put in a form so that
one can get a comparison.

Chairman HOLIFIELD.Will the gentleman yield?
Representative HOSMER.Yes.
Chairman HOLIFIELD.Is it also equally true that because of the

daily intake that your level of potassium would remain high con-
tinuously. Therefore, it would not be taken into the body and then
because of its short half-life disappear from the body at the end of
the 60 or 80 days because your daily intake would keep your level up
or the ratio of your level u continuously at that level that you show.

EDr. CO~AR. That is rig t. Potassium has such a long physical
half-life that removal by decay is insi~aificant. So it is only removed
by biological processes that effect the situation.

Chairman HOLIFIELD.And the daily intake replenishes the amount
of deterioration to the point. where you can almost say that strikes
a level 3

Dr. COMAR.That is right. The body burdens of potassium 40 can
easily be calculated. I don’t have them at hand, but these are known.

Representative PRICE. Mr. Ramey.
Mr. RAMEY. In view of this la~ge amount of radiation from potas-

sium you would not advocate cut.tmg potassium out of the diet, would
you ? It is an essential part of the human mechanism, isn’t it?

Dr. COMAR. My feeling is that the levels of radioactivity are such
that they should not cause anyone to make any modification in diet
other than for health purposes. That is, health from a nutritional
stanclpoint.

Mr. RAMEY. Potassium is a part of every fertilizer that is sold. It
is essential to thOstructure of crops and so on.

Representative PRICE. Senator Aiken.
Senator AIKEN. Dr. Comar, in addition to the elements which you

have shown on the chart, doesn’t the human being carry around a
considerable amount of phosphorus and arsenic and other deadly
elements in his body at all times in addition to these?

Dr. COMAR. Yes. Of course, one has to be careful how you define
“deadly.>’ If a man is dropped in the middle of the ocean, water is
deadly. But if he is on a desert, it is not.

Senator AIKEN. Nevertheless, the human body contains substantial
amounts of phosphorus which would be deadly if taken by itself and
also arsenic ?

Dr. COMAR. Yes. This comparison has been restricted simply to
radioactivity.

Senator AIKEN. Are there any other radioactive elements which
are taken into the body ?

,$,,.
,.,,,,:
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Dr. COMAR. Carbon 14 probably should be included in this list,
but I have not wnsidered that.

Senator AIKEN. Is any of the potassium which is taken into the
body in the form of cyanide, does the body contain any cyanide?

Dr. COMAR. I would think it must in very small amounts.
Chairman HOLIFIELD.I think the point the Senator makes is well

taken. He points out that there are nonradioactive chemical poisons
which are constantly taken into the body in addition to the poison of
radioactivity .

Senator K IKEN. And are responsible for far greater disasters to
the human race.

Representative HOSMER. Of course, we et back to the threshold
$question where them is a definite thresho] established with respect

to these poisons whereas the threshold has not been proved with re-
spect to radioactivity; is that right?

Dr. COMAR.Undoubtedly there has been so much emphasis on radia-
tion and radioactivity that the whole matter has caused other things
to be lost sight of.

It is important to look at the totality of the picture.
Senator AIKE~. Do you not think, Doctor, it was n great calamity

that the critics of the use of milk and other dairy products clid not
advise the Maker before He set up the original milk program?

Would that not h~ve made the human race much better and healthier
and more self-sufficient had He known about these things that we me
being told now ?

Dr. COMAR. I will accept your word.
Representative PRICE, Thank you very much, Dr. Comar, for a fine

statement and a valuable contribution to these hearings.
Chairman HOLIEIELD.I know your biography will appear in the

record but what is your osition at Cornell, sir?
$Dr. COMAR. I am hea of the department of physical biology, which

is a department in the university concerned primarily with the appli-
cation of hysical principles and concepts, biological research.

fMost o our work at the present time M comprised of work with
radiation, biological effects, fission product metabolism, bnt we hxve
tried on an educational basis to look at the overall picture.

Chairman HOLIFIELD.Do you feel that the testimony you have give])
this morning before this committee is generally supported by ccm-
petent scientists in the biological field?

Dr. COMAR. I would think so. There are still minor points of dis-
agreement, which is very healthy. But the main points that I hare
made I feel are definitely supported.

Cha@nan HOLIFI~LD. In other words, tl~e presentation you l)i~v~
made ]s a true representation, as far as you know, of the concenslls
of scientific opinion in this field and the figures thtit you lmve given
us would not be seriously challenged except in z rnlnor degree pos-
sibly by other scientists of high repute?

Dr. COMAR. I would think that is tl~esituation. I ha~e not, nlet very
many people who I COUICInot talk into swne of these lmints if neces-
sary.

Representative PRICE. Thank you very much. The next and con-
cluding witness this morning will be Mr. Donalcl Chadwick< (’l~ief,
Division of Radiological Health, Public Health Service.
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(Statement by Dr. Cyril L. Comar follows:)

95

STATEMENTOFDR. C. L. COMAE,CORNELLUNrVEB61TY

It is a privilege to appear before this committee and to acknowledge publicly
the wholehearted support of our work by numerous Federal agencies, especially
the Atomic Ener~ Commission, Public Health Service, and Departments of
Defense and Agriculture. Tribute is also due to many colleagues whose names
are well known in the scientific literature.

Contamination of food and water represents the primary pathway by means
of which the human population is expa!wd to radiation from worldwide fallout.
The principles governing the movement of fallout radio-contaminants through
the food chain have been described fully in the 1959 hearings of the Special Sub-
committee on Radiation, and in the literature. Recent developments have prw
vialed some refinement, but the basic principles as previously set forth have been
supported and are still valid.

There has been much confusion regarding the comparative wholesomeness of
various constituents of our diet, a confusion that could be dispelled easily by
an understanding of a few basic facts, This report is an attempt to reemphasize
in as simple and blunt a way as possible a few of the most important principles
in relation to present day matters of public concern; such concern seems to re-
volve about the undertaking of individual action to reduce the dietary intake
of radioactivity and the prediction of future levels of dietary radioactivity. For
clarity, it has been desirable to oversimplifyy, but it should be noted that exten-
sive research by many scientists and in many fields has been necessary in order
to single out these few important factors and present a simple but realistic
pattern of events.

Attention is here given primarily to iodine 131 and strontium 90, since these
two nuclides are the ones likely to produce the largest radiation exposure. It
should be pointed out, however, that intensive research is being carried out on
all aspects of fission product metabolism that may conceivably have any bearing
on radiation exposure.

IODINE131

Iodine 131 is produced by nuclear weapons in relatively large amounts, has
a half-life of about 8 days, is transmitted efficiently through food chains, and
is deposited within the body in a small gland, the thyroid. Because of its 8-day
half-life, I’a “m of significance only within weeks of the time of its production,
and thus comes primarily from tropospheric fallont. The l’ls injected into the
stratosphere disappears by radioactive decay almost entirely before it can be
returned to earth. It is likewise true that the I’a reaching the soil will dis-
aPPear by radioactive decay before it mu be taken up throngh the roots of grow-
ing plants and thereby be transmitted to the food of man.

Chart 1 shows the route of I’m through the food chain. There are two pri-
mary pathways. The radioiodine Is deposited from the atmosphere on the sur-
face of vegetation which is grazed by dairy animals, and the ingested radio-
nuclide secreted into milk. Man also inhales Ilm that is present in the air. Ex-
posure of rhan to 1’3’ could also occur by consumption of fresh fruits and vege-
tables; however, such consumption is minor since it normally represents a very
small surface area of plant compared to that grazed by an animal, and most
often the surface contamination of fresh fruits and vegetables is removed by
washing or skinning before consumption. As supported by recent work of Eisen-
bud and coworkers, there seems little question but that fresh milk is the main
contributor of I’n to the human diet. As indicated on the chart, for example,
individuals in A’ew Irork City in October 1901 who had from 300 to 700 picm
CUrieS (rnicromicrocurim) of I131in the thyroid are estimated to have received
only about 20 picocmries by inhalation.

If the need shollld ever arise, there are several factors that simplify the
reduction of exposure to radioiodine : ( 1 ) Only one item of the diet, fresh milk,
is an important source of contamination ; ( 2) the half-life is short enough so
that substitution of processed milk or dairy products for fresh milk effectively
reduces the level of contamination in the diet ; (3) measurements are relatively
simple and rapid because of the radiation characteristics ; (4) the time periods
during which 1’3’ could be of iml)ortauce can be predict~ from knowledge of
the detoutition of nuclear devices. .
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STBON’HUM 90

It is generally accepted that the movement of strontium through the food
chain is to a large extent interrelated and governed by the simultaneous move-
ment of calcium. Stable strontium is normally present in the food chain and
an understanding of the behavior of radioactive strontium added by man to the
food chain can most easily be gained by consideration of the behavior of stable
strontium and calcium.

As will be pointed out later, SrW will not exactly parallel the behavior of stable
strontium until steady state conditions leading to comparable physical distribu-
tion are attained in the future. As time passes after the cessation of testing or
even after constant testing at about the same rate, there will be an approach to
identical behavior.

Chart 2 shows some actual data primarily from extensive British surveys
giving typical daily intakes and body contents of calcium and stable strontium
expressed in milligrams. The sources of calcium are broken down into milk,
plant foods, and “other,” which includes fish, eggs, meat, and mineral sources.
Values for the United States would be similar except that the “other” category
would contain about 250 milligrams less and the milk about 250 milligrams
more calcium; the relative strontium to calcium relationship in milk would be
about the same as indicated. This difference’comes about because the British en-
rich their bread with mineral calcium, whereas in the United States milk solids
are used for this purpose.

The meaning and implications can better be grasped from chart3, which pre-
sents tine same information normalized to a Sr/Ca ratio in the diet of 1.

It is first noted that the Sr/Ca ratio of milk is one-tenth that of the plant
foods. This is because the cow preferentially utilizes calcium over strontium
by a factor of 10 for milk secretion. It is obvious from this diagram that if
an individual reduced milk consumption to zero and derived all of his calcium
from plant sources, the Sr/Ca ratio of hisdiet would redoubled. Conversely, if
an individual derived all of his calcium from milk, his diet would have about
one-fifth the typical Sr/Ca ratio. The significance of this is emphasized by
recognition of the fact that the amounts of Srw
determine the body burden of SrW.

and calcium in the total diet

It should also be noted that values of the SrW content or the SrW/Ca ratio
of any individual dietary constituent cannot by themselves be used to assess the
degree of exposure: for such an evaluation it is necessary to know the total
amounts of Sr’”and calcium in the diet.

The ratios of Sr/Ca in the body, the fetus and mother’srnilk reflect the usual
biological discrimination against strontium in favor of calcium. This behavior
is usually expressed in terms of the observed rati%for example,

OR
body/diet

=0.25.

The variability in differential behavior. the processes involved apd the applica-
tion of these concepts have been studied mostintensively inthelaboratory, docu-
niented intheliterature, and generally accepted.

The discussion so far has been concerned with the steady-state behavior and
it is of interest to consider the actual state of affairs in the last 2 years. Chart
4 presents values for SrW/Ca expressed as in previous diagrams. The differ-
ences between plant foods and milk are not as great as will be attained under
steady-state conditions for reasons that will be discussed presently. Neverthe-
less, plant foods have a higher Sr””/Ca ratio than the typical diet, and milk has
a Iower value.

The next three charts present data that demonstrate this by the comparison
in three cities of levels of SrW per gram of calcium in a typical total diet, in cbe
milk contained in the diet, and inthenomnil kcomponents.

This concept is of such importance that I should like to restate it in terms of
practical application. Human beings and animals of all ages must have a cer-
tain amount of calcium in the diet to build new bones and teeth or to remodel
and rebuild bones already formed. Calcium in the diet comes primarily from
dairy products and plant foods, both of which contain SrW. The calcium from
dairy products will most always have less W’” than the calcium from plant
foods because of discrimination by the cow. If the consumption of dairy prod-
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ucts is redured without compensating addition of minerals, the body has to use
plant sources of calcium for building and replacement of bone. In effect, this
means that the reduction of the intake of dairy products will raise the S#’/Ca
intake and therefore the body burden of Sfl. At present and foreseeable levels
of SrW it appears best to follow accepted nutritilona! practi?e.

The question is often raised as to the advisability of supplementation of diets
with stable calcium or stable strontium, for purposes of reducing the body burden
of Sfl. l’his matter is now considered, leaving aside the question as to whether
reduction of present and foreseeable body levels of SrW would in fact improve
health.

The SrW/Ca ratio of the diet can be decreased by supplementation with uncon-
taminated stable calcium and this in principle should decrease the SrW levels
produced in the body or milk. Although such reductions have been demonstrated
in experiments with laboratory and domestic animals, there are many considera-
tions and unknown variables that restrict practical application.

Experiments with dairy cows have shown that long-term supplementation of
rations with stable calcium can rednce the Sr’O levels in milk, but probably not
greater than a factor of four eben under the best conditions, because of abnor-
mality of diets. There are uncertainties in regard to the effects of animal nu-
trition aud health from high calcium intakes over long periods of time, and in
regard to the length of time it requires for calcium supplementation to become
effective.

Supplementation of human diets is not recommended. This is primarily be
cause wides~read excessive calcium intakes could lead to health problems; in
addition, the effectiveness of such procedures and the proper balance of supple-
mental mineral intakes are not known. It is especially important that individ-
uals do not take medically unsupervised action. lVhen calcium supplementation
is re<luired for medical or nutritional purposes, thought should be given to the
fact that calcium supplements derived from animal bone contain S#’.

Experience has shown that there is no adrantage in the use of stable strontium
to reduce SrW deposition in the body or secretion into milk. This is because the
Srw behavior is go~erned by the total level of both alkaline earths (calcium and
strontium) and the amounts of strontium required to increase this total level ap-
preciably are sufficient to produce side effects.

For purposes of prediction of future levels of SrW it is necessary to consider
the two major pathways in the food chain. These are indicated in chart 8. The
pathways are ( 1 ) surface contamination of plants which are then consumed by
man or grazing animals (the dietary contamination produced by this pathway is
entirely dependent upon the rate of fallollt ) and (2) the accumulation of SF
in the soil with subsequent uptake through the plant roots (contamination pr&
duced by this pathway is dependent upon the cumulative total in the soil). When
the fallout rate is high compared to the cumulative total, the first or rat~
dependent pathway predominates as indicated in the chart.

Because the plant foods that man eats are usually washed or skinned, the
expected tenfold difference in the Sfl’/Ca ratilo between milk and plant foods
is decreased. As indicated, the cumulative-dependent pathway becomes dominant
with time after the cessation of testing or even with a constant rate of testing.
Under these conditions, as implied in chart 9, plant foods are contaminated
throughout and surface cleansing would not greatly reduce their Sr’O/Ca ratio.

Mathematical relationships have been deriyed from measurements of fallout
rate, cumulative totals and levels in milk. The presently accepted factors are
indiratecl in chart 10. It should be pointed out that these factors are qllite
variable. especially if con~-erted to use ~yith total diets, and should be applied
only to large areas.

Another matter that needs to be taken into account is that SPO in soil may
become less a~-ailable to plants by a few percent per year because of runoff,
redistribution by wind, removal in crops, and possibly fixation in the soil.

CESIU1[ 1:+7

Cesium 13Y, much like Sr’O, can enter plants both from surface contamination,
a rate-dependent process, and from the soil, a cumulati~e-depend ent process.
Absorption of cesium 137 from soil, however, is inefficient, it being estimated that
soil absorption of C’s‘“ is only one-tenth to one-twenty-fifth that of Srw. This
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means that the ratedependent process will be dominant. The level of Cs’rn in
the diet has not fallen as rapidly as expected from the decrease in fallout rate,
probably because of a holdup in the root mat of pastures.

For future predictions it is probably best to base estimates of the cumulative
component on comparison with SrW assuming that absorption of Cl$w from soil
is less by a factor of 10 to 25, but that efficiency of secretion into miik is greater
by a factor of 10. Estimates of the rate component are beat determined by
comparison of known failout rates and milk levels in the past.

Roughly, 60 percent of the dietary Cs’w has been contributed by dairy products,
25 percent by meat, and 15 percent by plant foods.

BADIOACTIVITYIN Wm DIET

It is of interest to compare the relative daily intakes of various radionuclides,
both natural and man made. Typical values expressed in picocuries per day
are listed as follows (I. Michelson, personal communication) :

K“ 4,000.0 Natural.
(7s1S7 50.0 1961.
sl@ 10.0 1961.
fie144 4.0 1961.
Pb=O 4.0 Natural.
Ran 2.0 Natural.
P@ 0.1 1961.

It should be noted, however, that possible effects on the population must take
into account many other factors besides the amounts ingested. It is beyond
the scope of this report to consider such an assessment.

..L,.:,,,,:,
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CHART 1
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CHART2

M1l.llsxLuIB/daY
Stable Sr and Ca

1C84 Ca
1.4 Sr

v“

,.
..,,.

Body
1$200,000 Ca

384 Sr

J

L
\

~1

1“ I E
,“Milk Fetus

28,000 CE
5.6 Sr



RADIATION STANDARDS, INCLUDING FALLOUT 101

., rl0.22

—. —

C!HART3

Sr/Ca of Diet = 1

l--jOther

1..8

J

! Total Diet I
1.0

J/
1 0.25

i. ——-——

d
——.— ——

“x

L_.1
—.——

Milk 1---1Fetus

0.1 0.16
.,,:,



RADIATION STANDARDS, INCLUDING FALLOUT

Milk

0.6- 0.9

Plant

1.4 - 2.2

1[

Srgo/Ca
of Diet = 1

1959- 1!361

——.
i
i Total Diet I

L 1.0 I
t

-’—”~——
J

I?oay

(0.25)

L—

/’
..

E.



0

“’

RADIATION STANDARDS,INCLUDING FALLOUT 103

new York city

~~J&..___ . .,. oct. Feb.
I

w AW.

t
! ., I f ~

~w Sept.. Nov. April July Ott .

1%0 1961



t

104 RADIATION STANDARDS, INCLUDING FALLOUT

16 _

u

8 -

San FrancLsco

Mar. Au& JarI. April June Sept .—



RADIATION STANDARDS, INCLUDING FALLOUT 105

CHART8
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CHMT 9
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STATEMENT OF DONALD R. CHADWICK, M.D.,’ CHIEF, ItIVISION OF
RADIOLOGICAL HEALTH, U.S. PUBLIC HEALTH SERVICE

Dr. CHADWICK. Thank you, Mr. chairman. My discussion tM.s
morning is entitled ‘The intake of Radioactive Contaminants by the
U.S. Population.”

The U.S. Public Health Service has in recent years been developing
surveillance systems to measure the levels of radioactivity in the
environment.

The purpose of these systems is to provide quantitative d~ta from
which exposures of the U.S. population to radiocontaminants in the
environment can be compared with appropriate radiation protection
standards.

The details of these surveillance systems will be described in other
testimony before this committee. It will be the purpose of this dis-
cussion to present briefly some of the more pertinent findin s from

F’these surveillance systems since the previous hearings held be ore this
committee in May 1959.

PHS milk network: lMilk is an importmt source of information
on human intake of many significant rdionuclides from the environ-
ment. There are several reasons for this. (1) Many of the radio-
nuclides considered to be of principal health interest occur in milk.
Indeed, milk is often the most important source of the radioactive
material in the diet.

I think the discussion during the previous testimony brought out
the fact that radioiodine in milk is perhaps virtually the only .scmrce
of this nuclide in the diet.

Second, milk and milk products represent a significant part of the
diet for all age groups, and a very large portion of the total diet in
infants and children. (3) The production of milk throughout the

1Biographical sketch, Dona1f3 R. Chadwick, M.D. : Dr. Chadwick, a native of Boston,
M*ss.. after grldu;iting from Harv&rd 31ed Ictil School nnd after internship in Philadelphia,
worked as s 10C8I health otffcer in North Cnrolinn from 1951 to 1953. He entered the
Public Health Service in 1953, and after serying an :Lssixnment in South Carolinfi, received
special tr~~ining in rudiologicnl hrwlth at Reed (!oliege, Oregon. In 1955, he was tlssigned
to the occupational health progrwm in Cincinnati, Ohio. ‘l’his was fullowed by assignment
as Chief, Progran] Services, in the field of rndiologieal health, and then In as~gnment as
liaison otficer for radiation. Otlice of the Surgeon General, Public Health Service. With the
establishment of the Divis ior] of Rudiologicil] Henlth in 195’3, Dr. Chsdwick became Chief,
Progrnm Operations Br;lnch. From 1959 to 1961, Dr. Chadwick served IS secretary,
P’odera] R;idiation Council, Then in November 19(31, he w:is mimed Chief of the Division
of Radiological Heu]th in the Public Health Service.

.’.
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country at all seasons ~rmit,s a ~nt,inuous surveillance program
showing both geographic and time variations.

I did wish to point out that the use of milk as an indicator was not
necessarily a matter of convenience. I think there are very important
other reasons why it is used as an indicator.

The Public Health Service, in 1957, established a raw milk sampling
network composed of five milksheds. This network was expanded to 12
stations by 1958. ,.,:.,.,w~w,i.pi:,::;::i:<ti::t:t({$!fi::~?t$w{{~ “’‘~’;i”’

The experience gained here led to the establishing, in 1960, of a
/(l{g~\w;{:\(\t?;jj{qi{:F,:,::(::i$$$,.,,,$.,,,.,.,...::::y:::;:!t~:,::::,.:!::>::t~t~~>/,.. ?,,, ,,,.,,.,,:....\\~,,\.s}$!s,:{::t’t!!!’~’~’:’” ,. ::..:,,.

pasteurized milk sampling program by the Division of Radiological
,., ,., ,. .,. ., ,. ... .,.,,, .. :....,~.,,W, ...\,

Health and the Division of Environmental Engineering and Food
,,..,..

Protection. This network is now composed of some 60 stations, set
up to measure the radioactivity content of milk consumed by approxi-
mately 60 million Americans.

The samples are weighted with respect to the contribution of the
major processing plants to the total supply and represent 90 percent
or more of the milk marketed in the area sampled. Samples are
collected by State and local milk sanitation authorities and are ana-
lyzed quantitatively at the Division of Radiological Health’s regional
laboratories at Winchester, Mass.; Montgomery, Ala., and Las Vega%
Nw.

The analyses are for those nuclides of largest potential health im-
portance, including iodine 131, cesium 137, barium 140, strontium 89,
and strontium 90.

Senator AIKEN. When the samples of milk are taken, they are taken
of pasteurized milk. How is that pasteurized? Do they take sam-
ples of irradiated milk or the milk as it comes from the farm pas-
teurized by heat or what form of pasteurization is used!

Dr. CHADWICK. Whatever system is used-in other words, the milk
sample is taken after the milk has been pasteurized—and whatever
process is used in the dairy plant is the one.

Senator AIKEN. Would there be any difference in the analysis of
milk which has been pasteurized by heat and irradiated milk—I don’t
know what ray they use-they pass it under these rays and charge
3 cents a quart more.

Is there any difference in the radioactivity of milk which has been
pasteurized simply by heat and milk which has been irradiated?

Dr. CHADWICK. To the best of my knowledge, the diilerence in
these two processes would not make any difference in the radioactivity
content.

Senator AIKEN. In irradiated milk you do not thereby enhance the
radioactivity of tile product!

Dr. CHADWICK. No, sir.
Senator AIKEN. That is what I wanted to know-.
Representative HOSMER. IS there any essential difference between

pasteurized find nonpasteurized milk in relation to radioactive COIF
tent ti

Dr. CHADWICK. There are some small clitlerences betweeli the two.
,Some of these differences CELn be accounted for simply on the basis
Of time. For instance, in the case of iodine there is decay becwlwe
of the 8-day half-life, :tIId :tnyt,]liqg t]lat, exten(ls t lle time l)efore
consumption ot)viously reduws the iodine content.
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There are other small differences that result from the standardiza-
tion of the milk.

Senator AIKEN. In each case is the sample taken from homogenized
milk ?

Dr. CHADWICK. I really can’t answer that question, sir. I would
assume it is, since I assume that most of the milk sold now is homog-
enized. This is processed milk. That is, after the completion of
the process. So I would certainly assume that it is homogenized.

Senator AIKEN. Would you say that the higher the butterfat con-
tmt the lower the probable amount of radioactive material would be?

Dr. CHADWICK. I would doubt, sir, if there would be any consistent
relationship between butterfat content and radioactivity.

Representative PRICE. will you proceed, Dr. Clhadwick ?
Dr. (lHADWICK. The results of the milk monitoring network have

been published re
r

larly in Radiological Health Data since it was
first published in pril 1960. The data prior to 1959 were presented
to this committee during the fallout hearings in 1959.

All of the data sinm 1959 have been summarized in two reports
which I would like to submit for the record. These are ‘tIntake of
Iodine 131 by U.S. Population, Fall of 1961,” and “The Intake of
Strontium 90 and Certain Other Radionuclides by the U.S. Popula-
tion.”

1 should like to summarize these reports.
Representative PRICE. They will be received.
(Documents referred to follow:)

INTAKE OF IODINE 131 BY U.S. POPULATION, FALL OF 1961

BACKGROUND

It was not generally appreciated iodhre 131 released by nuclear fission would
appear in the thyroids of livestock until 1%4 when data were published by Van
Middlesworth (1) that iodine 131 from 19i3 atomic test series had appeared in
thyroid glands of cattle. This work was confirmed by other investigators, refer-
ences 2 to 5. Wolff (6) suggested that milk might be a major vector in the
transmittal of iodine 131 to the human population. This hw since been con-
firmed by the Public Health Service milk-sampling program. Van Middlesworth
(7) reported human thyroid glands from autopsies in Memphis, Term., examined
for radioiodine from November 1954 through Augnst 1955. There were 175
glands and the iodine 131 content varied from 1 to 100 ppc/g thyroid tissue.

In the 1959 hearings on fallout from nuclear weapons tests attention was drawn
to radioactive iodine as a possible significant factor in human radiation exposure.
Dr. E. B. Lewis, in a statement prepared for the record, said that from “data
supplied by Campbell et al. (8) On the amount of Ila in fresh COW’Smilk during
a I&month period between June 1957 and ending September 195S it can be esti-
mated that the thyr{}id glands of the a~-erage infant and young child in the
United Stak-s have received doses of beta radiation from IH’ that amount to
roughly 0.1 rad to 0.2 rad per year. There is some reason to believe that such
doses have been delivered annually over the past 4 to 5 years of weapons testing.”

PUDLIC HEALTH SIXVIC1: 11ILK MONITORING

When the Pub]ic Henlth Service in 1957 :lndertoolr to assess the amounts of
r~dioactive fission products being ingested by the population of the United
States, milk was selected as the first item to be surveyed. This was a logical
choice for the following reasons :

1. Milk is a major element of the diet of infauts and children.
fl Milk is a food Ilsed extensively by all segments of the population.
3. The biochemistry of milk prodllction is such that it would be expected

to contain some of the most important radioisotopes that might enter the
total diet.

,. <,(,....

.>.
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4. The production of milk throughout the country stall setrsous permi~ a
continuous testing program.

5. Reliablea nalvticalm ethodsc ouldbed eviseclf oranalysisof the isotopic
content of milk. -

The Public Health Service, in 1957, established a raw milk sampling network
composed of five milksheds. This network was expanded to 12 stations by 1959.
Theexperience gained here ledto the establishing, in 1060, of a pasteurized milk
sampling program by the Di}~ision of Radiological Health and the Division of
Environmental Engineering and Food Protection. This network hr now comp-
osed of some 60 stations, set up to measure the radioactivity content of milk
consumed by approximately 60 million .kmericans. The samples are weighted
with respect to the contribution of the major processing plants to the total supply
and represent 90 percent or more of the milk marketed in the area sampled.
Samples are collected by State and local milk sanitation authorities and are
analyzed quantitatively at the Division of Radiological Health’s regional lab-
oratories at Winchester, Mass., Montgomery, Ala., and Las Vegas, Nev- The
analyses are for those nuclides of largest potential health importance including
iodine 131, cesium 137, barium 140, strontium Sl, aud strontium 90.

APPEARANCEOFIODINE 131 IX MILK IN FALL OF 1961

From the initiation of the pasteurized milk sampling network in 1960 to
September 1961, iodine 131 was not detectable in milk. Iodine 131 was found
in milk samples obtained at Montgomery, Ala., and >Tew Orleans, La., on Septem-
ber 19, 1961, andin that obtained at Atlanta, Ga., Charleston, S.C’., New Orleans,
La., St. Louis, Mo., and Tampa, Fla., on September 20. This was3 weeks after
the beginning of the Russian atomic test series. By September21 the Russians
had detonated at least 14 bombs with at least 3 estimated bythe Atomic lihergy
Commission to be on the order of several megatons. While iodine 131 in fallout
was first detected September 11, 1961, on air filters from Medford, Oreg., iodine
131 in milk was detected first in the milk of the Southern and Southeastern
States. These iodine levels in milk were detected some 2 or 3 days after a
weather phenomenon, which consisted of a hurricane off the east coast of the
IJnited States, and a ridge of high pressure over the eastern one-half of the
country. This tremendous ridge of high-pressure persisted over the eastern one-
half of the Unitecl States for the period September 17-20. The gross beta radio-
activity in air was markedly elevated o~er the south and southeastern portions
of the United States and the highest levels reportedby the radiation surveillance
network was 700 ppc/m3 of air at Little Rock, Ark., on September 19, 1961. On
the basis of the air sampling results, the milk samplings tations intensified their
operations, znd during the period of the highest iodine level 20 sti~tions were on
a daily sampling schedule, and the remaining stations were on a twi(.e-:1-}~eek
schedule.

SOURCESOF ExPOSURETO IODINE 1S1

Iodine 131 produced in nuclear detonations can be carried relati~ely long dis-
tances depending on the tropospheric air currents. It becomes deposited on
vegetation directlyas wellas by rain. Unwashed vegetation consumed relatively
promptly following del)osition of the iodine fallout could be a source of rudio-
iodine intake by humans. Several factors reduce the likelihood of this being a
significant source of intake. A relatively small amount of the consnnrption of
fresh vegetables occLlrs rapidly enough after deposition for this to be a factor.
The transit tinle f{}r fresh vegetables, and certainly that for canned or frozen,
is sufficient to huve allowed most, if not all, of the radioiodine to decay. l’ur-
thermore, even when fresh vegetables are consumed very soo]L after falloat, the
ordinary household prellaration of lv:~shin~ an(l peeling ivill remove nlost of the
iodine 131, sin(e it is in the form t~f sllrface [Iepositiou.

The sequen(v of events in the l)rt)(lucti{}n :ln(l (distribution of niilli, ht~wev(,r,
makeit a six!lifi(:lllts{){lrre of intake, Ik(irycl)wsat lJ:lst~lrecons~lrl)e ifxliue 1;31
deposited on the surface of for:~ge CNJIM. The i(loine 131 ~l)I)(~i\rs in the nlilli.
The processing and marketing of nlilk is (lesigned to bring the freshest possibk’
~Jroduct to the l)llblic, and the time betJYeen ct)lv and consumer is of the order of
2 to ‘! da.vs. Thus, t)nly :1 relatively snlall amount of decay of the iodine 1;31
in the milk has taken place, [n the case of other (luiry l)rfJdu{,ts, however. the
time for l)ro{:essi~lK aIl(lnl~lrketillg is sutTicient to perrrlit decay of the io(line 131.

‘,,
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Iodine 131 exposure can occur as a result of inhalation of the radionuclide and
absorption from the lungs. It is useful to provide some estimate of the contri-
bution of this source of intake. The average contribution of iodine 131 to the’
total gross beta activity in air as reported by the radiation surveillance network
for October 1961 was 20 percent. The highest average gross beta activity in air
for (}cto~er was 19ppc/rn’ in i~hoenix, Ariz. If 20 percent of this was iodine 131,
then 20 percent X 19p~c/m3=3.t3p@’* ’/m3. Assuming that a l-year-old infant
breathes 1 cubic meter of air daily, his intake would be 3.8ppcI’a per day from
inhalation. On the other hand, if an adult breathes 20m’ air per day then his
average daily intake }vollld have been 2OIn8 air x 3.8ppcI’n/m8 air=76ppcIla.

,~..,, .,,.:. :,., .....$.($,:,:,,:,, .:,,..,,,,,,‘~,~i~~(.,.,,.,,,,,,,.,,,,,, ,,$:$i,,.,,,,,,.~,,,,.,,:.,.$~,$,.,,;.,.,,.,.:;::::~.:,:,:x::::\:: :’.:::::::tj;;:j:,;i~,j’::::::;,:,:, ~:,:
The average level of iodine 131 in milk for Phoenix for October 1961 was

!,::::::;:::.:::,+:,,,.,,,,, ,:,..:::: ;.,\,$:::::,’~:;:l::i:$,.:::t$,...,.,,

60WJCI’=
,,

per liter. If both the child and the adult consumed 1 liter of milk
daily, intake by ingestion for both would have been 60~gc. In the case of the

,: ~.~’~’$ .

child, inhalation would have represented a very small fraction of the total
daily intake ( 4ppc out of a total of “64PLC). It can be seen that theoretically
inhalation could be a significant contributor to total intake of iodine 131 in the
case of adults. It must be remembered, however, that for an adult it takes 10
times the daily intake of iodine 131 to deliver the same radiation dose to the
thyroid gland. It would thus appear that inhalation in the situation encoun-
tered during the fall of 1961 was not a significant source of radiation exposure
to the thyroid gland.

There are some direct data to support the conclusion that fresh milk was the
only significant source of radiation exposure to the thyroid gland of the popu-

..,; ,, ...:.,~:$,.,:f:~!5;:~<,.;,.:::iJ,w~;u,~-*fi:y t,l&i;,K,"(,, .:”” ‘. . . ..%.. ‘,’Jf ‘,:;i:+lfi~~ij;;t!!:’ifi
lation during the period of Soviet nuclear weapons test in the fall of 1961.
Eisenbud studied in vivo six adults who reported drinking from 1 pint to
more than 1 quart of milk daily. These averaged 57&33ppcI’n per thyroid,
while three adults who were not milk drinkers averaged only an insignificant
amount of iodine 131 4.3&4 .9~pc11a per thyroid.

DATA ON RADIOIODINEIN MILK

The results of the iodine 131 analyses from the milk-sampling network are
published regularly in radiological health data. The early results were pre-
sented in previous Joint Committee on Atomic Energy hearings. The data
for the fall of 1961 are summarized in table I. The following averages for the
daily iodine 131 concentration per liter of milk are given.

1. The average for each station for each month during the period Septem-
ber 1961 through January 1962.

2. The average for each station during the entire period.
3. The average for all of the stations during each l:lOnth.
4. The average for all stations during the entire period.

TO estimate the average daily concentration of radioiodine in the milk at each
of the reporting stations during the months of October, N’ovember, December,
and .January, a sin]l]le average of the n~easurcvneuts rel)orted during the
month was derived. For those stations reporting no milk samples during the
second half of September, the October ayerage was used a second time for the
September value. These monthly averages at each station constitute the basis
for estimating the average daily intake of a person consuming a liter of milk
lwr day in the vicinity of the reporting station.

ESTIMATE INTAKES OF SADIOIODINE

Some evaluation of the significance of these iodine 131 concentrations in milk
can be obtained by comparing estin]ate(l total intakes of iodine 131 with the
guidance of the Federal Radiation Council, For the purposes of estimating in-
take, it has been assumed that ( 1 ) the average consun)ption of fresh nlilk ill
the critical age group is 1 liter I)er day aII(l ( 2 ) that milk is the only si~ni ticarlt
source of intake of ra(lioiodine ill this XI.(,111). on the basis of tht,se :lssll]l)I)tious
the values in table 1 can 1x, rqjnsi[lere(l as rel)resenting the :LveragP {Iaily intake
~jf io(line 131,

,.
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Federal Radiation Council Report No. 2 gives the following guidance for iodine
131.

Range I — 0-10 ,U,UCper day
Range II — 10-100 *PCper day
Range 111—10@1000 g~c per day

An average daily intake at the upper limit of range H corresponds to the
radiation does which is considered to represent an acceptat)le exposure level
from normalpeaeetimeoperations (the RPG).

It can readily be seen that average iodine 131 intakes during certain periods
were in range III. Federal Radiation C!euneilReport No. 2 states, “Transient
rates of intake within this range (range III) could occur without the popula-
tion group exceeding the RPG if the circumstances were such that the annual
average intake fell within range II or lower.” It can be shown that such was the
case for all of the stations as well as the national average during the period.
Additionally it is useful to consider estimatesof the radiation dose to the thyroid
from iodine 131 during this period and compare these estimates with the RI’G.

ESTIMATES OF THYROID DOSE

The Federal Radiation Council Report No. 2 provides a relationship between
iodine 131 intake and the thyroid dose. This report estimates that an annual
average daily intake of 80 ppe of iodine 131 would result in a dose of 500
milliroentgens in 1 year to iufants in which the thyroid weight is taken as 2
grams.

The dose estimates in table II were developed on the basis of the above rela-
tionship between intake and dose assuming 1 liter of fresh milk consumption per
day for the 5-month period of iodine 131 fallout and that milk is the only
significant source of intake.

It must he clearly recognized that these dose estimates apply only to infants
who consume a liter of fresh milk daily and whose thyroid weight is 2 grams.
These conditions apply approximately to the age group from 6 to 18 months.
Children under 6 months of age usually consume some type of formula other than
whole fresh milk. W’ith children above approximately 18 months of age, the dose
to the thyroid would become progressively smaller with the increase in sir% of
the thyroid to a value in the adult of approximately one-tenth the value in
infants. Using data from the U.S. census of 1960” it is estimated that the am’
group from 6 to 18 months represents approximately 2.3 percent of the total
population, or approximately 4 million infants. On this basis, the estimated in-
f ant population covered by the pasteurized milk network is 1,3 S7,000.

Since the network samples are collected from processing plants, and the iodine
131 activity is extrapolated back to the time of collection of the sample, the inter-
val between production of milk and the time samples are collected at the process-
ing plant is approxinl~tely 2 days. Infants living on farms and drinking raw
milk could have had sonlewhat higher intakes of iocline 131, since the time inter-
val between production and consumption vould have been a matter of hours. This
might, in some instanres, have resulted in as much as 2$-permwt immwse in the
iodine 131 intake and the resultant thyroid doses.

The average thyroid dose to infants with a 2-gram thyroid during the period of
Septeml)er thrf}l}gh .Jauuary 19(N was 160 milliroentgens. Figure 1 pro~-i(les a
percentage distribution of the infant lH,pulation according to estin~ated th.vroifl
dose from iodine 131. September 19($1-.7anuary 1962. It ean be seen that tbc high-
est average closes were less than four times the average. Figure 1 also S1l(}JYS the
annual ItP(2 for the thyroid to l)e ;Il)pl ied to the averages of suitable saml)les
of exposed population groulw All of the estinmted thyroid doses were less than
the annual RI’(I.

c
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TABLE L-Radioiodine concentration of U.il. milk, Neptember 1961 to

Station location

Alaaka:Pawner...-... -... -.-.. -.. -.-....,
Arizona: Phoenix-------------------------
Arkansas:Little Rock.. . . . . . . . . . . . . . . . . . .
California:

~&.Fr&–c<G.-::::::::::::::::::::::::

Colorado: Denver - . . . ..- . . . . ..-. -.-. . . . . .
Connecticut
Delaw
Districcor(

;: Hartford . . ..-- . . . -----------
mre: Wilmington. . . . . . . . . . . . . . . . . . .
.--1 Columbia.... . . . . . . . . . . . . . . . . . .

Florida: Twnpa. . . . . . . . . . . . . . . . . . . . . . . . . .
(korgia: Atlanta. . . . . . . . . . . . . . . . . . . . . . . . .
Hawaii: Honolulu._- . . . ..__. .--. . . . . . . . . .
Idaho: Idaho Falls. . . . . . . . . . . . . . . . . . . . . . . .
Illinois: Chicago..........................
Indiana Indianapolis . . . . . . . . . . . . . . . . . . . . .
Iowa: Des Woines . . . . . . . . . . . . . . . . . . . . .._.
Kansas: Wichita . . . . . . . . . . . . . . . . . . . . . . . . . .
Kentucky: Louisville . . . . . . . . . . . . . . . . . . . . .
Louisiana. New Orleans . .._ . . . . . . --------
Maine: Portland . . . . . . . . . . . . . . . . . . . . . . . . .
Maryland: Balti~ore . . . . . . . . . . . . . . . . . . . . .
Msasachuwtts: Boston _._ . . --------------
Michigan:

Detroit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
f3rand Rapids . .._. _. . .._ . . . ..--- . . . . .

Minneaata: kiinneapo]is . . . . . . . . . ..--... -.
MK.sissippi:

Jackson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Psscagoula.. . . . . . . . . . . . . . . . . . . . . . . . . . .

Missouri:
Kansa.s City . . . ..- . . ..-. --------------
St. Louis ._. --- . . .._. -_.. .-.. _... _._..

M0nt8nw. Helena . . . . . . . . . . . . . . . . . . . . . . . . .
Nebraska: Omaha __.-. ..-. _. . . -----------
New Hampshire: Nranchester------------
New.lersev: Trenton . . . . . . . . . . . . . . . . . . . . .
New Mexico: Albuquerque . . . . . . . . . . . . . . .
New York:

ButTalo . . . . . . .._- . . ..--. -.._ . . . ..-.-..
New York _.-. . . . . . . . . . . . . . . . . . . . . . . . .
SyracuL*-. ..- . . ..-. _. . . . ..-- . . ..__..._

North Caroling. Charlotte . . . . . . . . . . . . . . . .
North Dakota: Minor . . . . . . . . . . . . . . . . . . . .
Ohio.- ....

Cincinnati . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cleveland . . . .._. -... -_ . . ..--_ . .._._.

Oklahoma: Oklahoma City . . . . . ..--_... _
Orayou: Portland . . . . . . . . . . . . . . .._. -... _.
Pennsvlvrmiw

phia . . . . . . . . . . . . ..~- . . . . . . . . .
go. . . . . . . . . . . . . . . . . . . . . . . . . . .
,San Juan . . ..__ . . . .._- . . .._.

Island: Providence . . . . . . . . . . . . . . .
3outh Carolina: Charleston . . . . . . . -------

Philadel
Pittsbm

~h;;~ Rico

s

Chattanw~a . . . . . . . . . . . . . . . . . . . . . . . . .
Memphis . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Texas:
Austk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dada. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Utah: Salt Lake City. -... --.. . . . . . . . . . . .
Vermont: Burlington . . . . . . . . . . . . . . . . . . .
Virginia: Norfolk . . . . . . . . . . . . . . . . . . . . . . . .
Washimzton:

Seattle . . . . . . . . ..-. __. _. . ..-. _... -----
Spokane . . . . .._. ---------------------

WcstVirriuia: Charleston . . . . . . . . . . . . . . .
Wisccmsin: Milwaukee ._.. -... -._ . . -----
Wyoming: Laramie . . . . . . . . . . . . . . . -------

Network average _.__. . . . . . . . . . . . . .

.Jar~2tury 1962

Iodiue 131@yc parliter)

1961

Sepyr- October

. —

(330)
(6o)

(120)

(#)
(60)
(g)

2

($#

(70)
cm
(no;

%
(70)
(130)

O&t]

(340)

ml)

(150)
(250)
(loo)
(90)
(30)

(l(n)
(ml)
(’w)
(60)

(60)
(w)
cm)
(sJ))

20
20
140
(10+3)
(80)

($]

(m;

Iw

330
60

120

20
20
w

%
60
40
so
20
140
150

2:
130
90
m
120
70
130

210

32

w
100

150
160
160
250
100
w
30

100
lcm
140
40
140

100
Io+l
w
03

80
90

3
w

60
160

30
40
lXI
100
60

120
120
60
150
40

100

VOvem-
ber

40

1:

30
20
40
30
60
30

:
20
100

::
210
140
so

%
30
40

%’
150

60
60

lW
100
110
120

3?
40

20

%
20
m

80
50
164
170

40
30
20
50
xl

‘to
80

60
100

:
30

120
64
20
80
30

H)

Decem-
bsr

10

Jarmaw
19f12

<:KJ

<10

<10
20

<}8
<10
<10
<10
<10
<10
<10
<10
<10
10

<::
<10
<10
<10
<10

<10
<10
<10

<10
<10

<!:
<lo
<10
<lo
<lo
10

<lo
<10
<lo
<lo
<10

<lo
<lo
<10
<10

<lo
<10
<lo
<lo
<lo

<10
<lo

<10
<lo

<1
<lo

<M
<lo ‘
<lo
Loi

140
46
so

z
WJ
70

1%
96
60

i%

40
46
20

8

t%
30

‘%

<lo 60

‘ Numbers in parentheses are estimates for September 1961
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TMmn 11.—E,stimated thgroid doses to $nf ants, ~eptember 1961 to Januarg 1962

1-131

Stationlocation
@Yliter)

Pasteumd

Jacks&L,.
SaltLake
Louisville. . . . . . .,
mew Iom
Syracuse,1
Cincinnati, “
Portland, Ore,
Spokane, Wss
Atlanta, Cla..
New Orleans,
Grand Rapids
Mancheste ‘
Buffalo, N
Clevelcnd,
Chattanool
Burlington
Seattle, W)
Phoenix, A
Denver, C,
Wilmington.., ,
Indianapolis,
D-. +1.-A 1,.:

r mLw131p111aA
Pittsburgh
Providence
Charleston
DalIns, Te}
Norfolk, V:
Hartford, (
Distric’ -=
Tampa
Austin,
Charles.”.., ,,
Laramie, vr--
Sacrament{
San Franci
Honolulu,
. !l... -.. ..-

l—
Network avemge . . ..- . . ..- . . . . -----------
Network total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

E~stimt..d

dose
(in mr)

llw

Percentof
umusl RPCl
to thyroid

8s
S9
72
6a
.5a

%

:!
46
42
42

:;
42

::
36
32
32
32

z
32
32
26
26
26
26
26
26
26
26
26
20
24
26
20
20
20
2Q
20
20

%
20
20
20
16
16
16
16
16
16
10
10
10
10
10
10

32

Estimated
pO&&n

months (in
thousands)

12.0
45.6

1.6
7.5

43.6
89.5
13.2
61.6

.5
13.4
&5
1.6
.4

9.9
34.5

147.4
4.2

19.7
10,1
26.7

231.4
5.8

23.0
Xl. 7

5.2
22.0
15.2
6.4
2.4

1s 5
40.3
3.7
1.3

15.8
14.5
20.0

6.2
10.9
3.2

37.9
5.8
2,3

tll 8
22. ?
10.7
2.8

32.7
11.9
6.9

45.8
23.4

5.4
3.9
.5

17.6
33.5
7.2
9.8
7.I
17.2

.--....
1,367.9
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‘L’HE INTAKE OF STRONTIUM 90 AND CERTAIN OTHER RADIONUCLIDES BY THE IJ.S.
POPULATION

INTRODUCTION

The Public Health Service has in recent years been developing surveillance
systems with the objective of measuring and evaluating the le}-els of radioactivity
in the environment. This program is described in other material submitted for
the record. Among the radionuc]ides of health significance which have been
determined in this surveillance effort is strontium 90. Milk has been used as
the principal index to strontium 90 intake. Before summarizing the results of
the program for monitoring of strontium 00. it is iml)ortant to consider the rel:~-
tive contributions of different sources of intake to total human intake of this
radionuclide in order to evaluate the use of milk as an indicator.

sOURCES OF INTAKE OF STRONTIUM !)0
.

In the situation of general environmental contamination strontium 90 may
enter the human body from all three of the environmental media : air, water, and
food. Various studies have provided estimates of the relative contributions of
these three media, and within the category of food the relative contribution of
various food items. The results of one such study by Straub, Murtby. aud
Campbell are summarized in table III.

The estimate for air is based upon analysis of composite Cincinnati air sNn]-
ples from February to June 1959. Similarly, the wmtribution of water is biis[>(l
upon an analysis of strontium 00 content of drinking water in Cincinnati during
this period. The contrihlltionfrom rnrious kinds of foods is based upon com-
posite analysis of typical diets and data on food samples purchased in the Ciw
cinnati area. These data indicate that milk and dairy products consumed at the
rate of approximately 5,$0 grams per (lay ~vollld contribute about 50 percent of
the total daily intake of strontium 90. These data a~ree in generill with reslllts
of similar studies in other countries in }vhich milk and dairy produ(ts relmes(ult
an important element in the diet.

IfILK AS AS ISDICATOR OF 5TR0ivfIuNf9n

. ..., ,. ,,.,,.

.,>

The data on rontrihutions of vsrious sources of intake of strout ium !)0 sug-
gest that milk can serve as a useful indicator of the lerels of total daily i[~take
of strontium 90. There are several advantages of milk as such a~k indicator:
(1) The biochemistry of milk production is such that it servt>s :1s a biol(,gi(al
sampling and concentration mechanism, drawing its raw materials from i he
environment serving as sources for air, water, and food for the cow. Thus,
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fluctuations of radioactivity levels in a wide range of environmental sources
possibly related to levels in even thenonrnilk fraction of the human diet might
also be expected to be reflected in the levels in milk. (2) Milk and milk prod-
ucts represent a significant part of the diet for all age groups and a very large
proportion of the total diet in infants and children, for whom susceptibility to
radiation injury is believed to be greater than in adults. For the younger age
groups. the rate of deposition of bone mineral is greater than for adults, and
this”warrants special interest in the strontium 90 content of their diet. It has
been logical to give attention to a dietary source which supplies much of the
essential protein and most of the calcium in the diet for the age groups most
susceptible to radiation injury. (3) It is convenient and relatively inexpensive
to obtain representative samples of milk consumed by the population, compared
with obtaining samples of the total diet. (4) Milk is produced the year around
in all areas of the United States. (5) Methodology is available for the analysis
of strontium 90 in samples of milk.

PUSLIC HEALTH SERVICE MILK SAMPLING NETWORK

For these reasons the Public Health Service in 1957 initiatedsteps to estimate
strontium 90 along with other substances in milk consumed by the U.S. popula-
tion. The firstmilk monitoring program used raw milk and was established to
develop suitable sampling methods and radiochemical analytical proficiencies.
Early in 1960 a processed (or pasteurized) milk sampling program was estab-
lished to provide a sampling program more directly related to the milk con-
sumed by large population groups.

At present the Public Health Service, in cooperation with State and local
agencies, maintains a processed milk monitoring network of more than 60 st&-
tions. ( See fig. 1.) These stations sample milk consumed by an estimated
one-third of the U.S. population. Each sample is composite in proportion to
the volume of milk sold by those phmts supplying not less than 90 percent of
the milk supply of the city where the sample is taken. Prior to September 15,
1961, the sample for each station was taken from 1 day’s sales per month. Since
September 15 the sampling schedule has been accelerated to one sample per
week.

RESULTS OF MILK AXALYSES FOE STRONTIUM 90

The results of the strontium 90 analyses in the milk network are published
regularly in Radiological Health Data. The data are summarized in table IV, in
which annual average strontium 90 concentrations in milk have been computed
for each of the stations as well as an estimated annual average for the United
States. For 1962 indi~idual monthly averages are included through March.
Table IV also contains estimates of the populations served by each of the sam-
pling stations. Table V contains the values of strontium 90 in milk from the
original raw milk network.

INTAKE OF STSONTIUM 90 BY TEE POPULATION

Some evaluation of the significance of these concentrations of strontium $)0
in milk may be obtained by comparisons of estimates of total daily intake Of
strontium 90 derived from them with the guidance of the Federal Radiation
Council. For strontium 90 the Federal Radiation Council gives the following
ranges :

Range 1 0 to 20 ppc per day.
Range 11 20 to 200 p~c per day.
Range III 200 to ~000 ppc per day.

The Federal Radiation Collncil also provides some guidance which is useful in
estimating totil daily intake from milk concentrations. In giving the ranges
for total daily intake e~p~essedin ~Vc/d~~.the council makes use of an assump-
tion of a total daily intake of cal(:ilm] of 1 gram. Since 1 liter of milk supplies
about 1 gram of ~al~ium per day, it might be appropriate to use the strontium
f)() content of 1 liter of milk as an estimate of total intake of this radionuclide.
Actually, a diet including other sources of ~:~l(ium may have a somewhat higher
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strontium 90/Ca ratio than a diet in which milk is the only source of calcium.
Indeed, estimates of the factor by which the strontium 9WCa ratio of milk
must be multiplied to give that in total diet range from 1.2 to 1.3? F@sUlt$ of
calcium measurements in our pasteurized milk network indicate a value slightly
greater than one for the calcium content. However, for purposes of calculating
the ranges, this difference is ignored. Applying these factors, a range of esti-
mates of annual average daily intake of strontium 90 may be obtained from
the annual average strontium $0 concentrations in milk. These are given in
table I.

TABLE 1.—E8timlatew of average daily intakes of strontium 90
for each gear, 1957-61

Strontium 90

Year A versge Daily intake range (Jwc)
milk con- —
centration —

(#c/l) Conversion r2~~i03n
factor, 1.2

1957. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 7 8
19m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 10 10
1959. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 13 14
lwo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 10 10
lwl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 10 10

1Raw milk network.

It is worth noting that g~aterstwntium Wtitakes whiehtivolve propotiion-
ately greater calcium intakes wonld not result in greater concentrations of
strontium S@ in the bone (and subsequent radiation doses). This results from
the fact that the concentration of strontium 90 in bone is related to the
strontium/Ca ratio in the diet rather than the strontium 90 content. alone.

TOTAL DIET SAMPHNG

Before comparing these estimates of intake with Federal Radiation Council
guidance it is useful to consider a more direct estimate of average intakes for
1961 from the Public Health Service institutional food sampling network.
During 1961, the Public Health Service hasol)erated aninstitutional diet sampl-
ing program which studies the dietary intake of strontium 90 by young Deople
between the ages of 5 and 18. This proxram, now consisting of 21 sampling
points, collects a full 7-day-week diet of 21 meals plus soft drinks, candy bars,
ete., cm z monthly basis ~t boarding schools or institutions throughout the
United States. The an~lytical program for this stndy is designed around three
procedures: (1) Strontium 90, (2) totfil radium, and (3) gamma SC:IU for the
estilmate of other gamma-emitting radionuclicfes.

This program was initiated in December 1960. The results of the calendar
year 1961 representing the first full year of operation of the program are arail-
able for se~en stations. These are shown in table VI. The annual average
daily intake of strontillm 90 for the stntions varied between 5 and 10 #pc/day
with an o~erall :lunna[ average intilke for the population group under st~l{ly
of 7 pflc/day. It can be seen. then, that the average daily intake of strontium
90 mmsureci by this system is somewhat lower than thzt ~medieted from the
values for strontium 90 in milk. Con]pnriw)ns of these estimated average (iaily
intakes with the guidance of the Federal Radiation Conncii shows that atl of
the intakes were in range I. Intakes :]t the upper limit of range I continued in-
definitely would resuit in radiation doses to bone and marrow orwthirtieth of
the R1’G’sfor normal peacetime operation..

lHASL 8S, 1960
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DATA ON STRONT~M 90

The milk networks described above also provide data on the concentrations
of strontium W. These data have been published regularly in Radiological Health
Data. Since the inception of these networks there have been two periods when
strontium S9 has been present in measurable levels in milk. The data for
these periods are summarizd in tables VII and VIII. The tables give the
monthly average concentrations of strontium 89 in milk collected at each of the
processed milk stations from September 1001 through March 1962, and the
quarterly values from the raw milk network from the fall of 1957 to the spring
of 1901. They also give an average for all the stations for each period.

ESTIMATZD INTAKE OF STSONTIUM S9

In order to evaluate the significance of these concentrations of strontium 89
in milk, it is necessary to compare estimates of total daily intake of this radio-
nuclicl e clerived from the milk concentrations with the guidance of the Federal
Radiation Council. For strontium S9 the FRC gi~’es the following ranges:

Range I O to 200 pjmper day.
Range II 200 to 2,000 wc ~r day.
Range III 2,000 to 20,000 ~pc per day.

Using the same assumptions specified for converting strontium 90 concentra-
tions in milk to total intake figures. the data on tables VII and VIII can be
used to estimate aversge U.S. intakes for strontium 89 for each period. These
are presented in table IL

TABLE 11.—Est$mates of average dait~ intake of strontium 89 for specified
periods, 1957–62

Strontium S9
t

Date Average Daily intake rsnge @c)
milk con-
centration

(/.@l) Conversion Converson
factor, 1.2 factor, 1.3

——
1957r.3d quarter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S0

4th qzarter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
96 104

19581—lst quarter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
50 60 65

2d quarter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-
6

5:
6

3d quarter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 1%
4th quarter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1%

19591—lst quarter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
60

%
65

‘2d quarter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._
36

40
w

3d quarter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4s 52

4th quarter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
12

2:
13

(Essentially no strontium 89 detected through August 1961.)
3 3

1961.September . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
October . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

10 12 13

NOvem&r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
.40 52

Dewmber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
;:

::
1962.January . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._

i:

February . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
%

$
32

March . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
36

3.5 I
39

42 46

,,:.,.,..

I I I

1 Raw milk network,
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cofnparison of these estimated average daily intakes with the guidance of
the Federal Radiation Council shows that all of the intakes were in range I.
Intakes at the upper limit of range I continued indefinitely would result in
radiation doses to bone and bone marrow mw-thi rtieth of the RPG’s for normal
peacetime operations.

OCCURRENCE OF CESIUM 137 ANn BARIUM 140

Data on milk content of cesium 137 and barium 140 are regularly reported in
Radiological Health Data. The estimated intake of cesium 137 and barium 140
based upon the analysis of these radionuclides in milk has been considerably
lower in relation to accepted guides than those of strontium 89 and strontium 90.

TABLE 111.—Dail~ intake of calcium and strontium 90 from environme?ttal
sources

C81cium .%mntium 90
E;;ti;cd

Sourcs
—

Milligrams Percsnt Mi~gye: Percent

I I 1 I ——!
Air... - . . . . . . ..---.. -.-.--cubic meters.. ‘m . . . . . . . ..G. . . . . . ...5.2. 0.s 5.2
Water.- . . . . . ..- . . . ..- . . . . . . ..-.. grams.. 1,00U .s 5.2——
Food:

Milk..-....-..--.....-.......-do.... WI 600 52.0 6.0 39.0
Dairy products, other . . ..-. -..do . . . . 145 12.5 1.8 11.7
Vegetables- . . . . . . ..- . . . . . . . . ..do . . . . 3% 145 12.5 3.4 22.0
Meat, fish, cnd eggs . . . . . . . . . ..do-... 370 100 s. 7 .s 5.2
Ceresi products . . . . . . ..- . . . ..-do . . . . XXI 60 5.2 L 4 9.1
Other... - . . . . . . . . . . . . . . . . . . . ..do . . . . 134 45 3.9 .4 2.6

Foodtotrd.--....-.....-....do... 1,545 1,095 94.8 13.8 89.6

Total............................................1 1,1551 100.0I 15.4I 100.0
I I I I I

NoTE.—This table presents an estimate of the amounts of strontium 90 and calcium that misht be in-
gested or inhaied daily by man from environmental radiation sources such cs air, water, snd food. These
data were taken from studies conducted in 195&59 on the above sources by the ressarch group at the Robert
A. Taft Scaitary Enginssrtng Center, Public Health Service, Cincinnati, Ohio. (Radiological 1Itwlt h
Data, vol. 7, Octibcr 1960.)

,,:.,,,,
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TABLE IV.—iWronthn 90 concentration in pat?teurized milk

Micromicrocuries per liter

lk————
Station lecation

I
Is&l

1962
1961

J8rmary ~ebrrrar March

.-----
—
..
7

Alabama: Montgomery . . . . . . . . . . . . . . . . . .
Alaska: Palmer . . . . . . . . . . . . . . . . . . . . . . . . . . .
Arisons: Phoerdx ------------------------
Arkansas, Little Rock. ..-. -... -----------
California:

6
8

1:

4

:
8

:

1:

:
6

:

1:
12
9
8
9

6
6
9

12
16

8
8
6

1:
8
5

8
8
7

11
10

8
7

1;

1:
4

10
11

10
6

2?

14
6

2:

4
8
5

;
7

1:
4
4
5
8
5
7

2:
10

18

:
6

25
--------

7
8
4

J

:

;

1:
8

10
8
8
7

10
8
9

1:
6

20
16

7
10
3

1:

6

:
5
4

(rJ ~*

:632
.240

4
13

:
7

:
8
5

10
5
5
6
6
8
6
9

13
11
8

12

7
7
8

12
. . . . . .

8
7
6

1!

:

7
9

1;
. .

8
8

13

&

1;
10
..

10
10

2
6
6
9
9

8

i
6
5

‘Satimento ---------------------------
San Franci.scm . . . . . . . . . . . . . . . . . . . . . . . .

Colorado: DenvernJ . ... . . ..-- . . ..- . . . . .._-
Connec ‘ -
Delaware,- ~ lnmug
Distrfd
Florida
CkXmgi8
lTawnii

2
2

1!
10

:
11
4
4
6
9
5
6

E’

1:
9

.766
1.458
.870

:%
L 992
L 016

1:%%

6:!%
.475
.521

,:7,3

44\>
~).,

. 13i
L 646
L 2im

cclcu~.,~an]ora.. ----- .--- . . ..-. -..l

..- -..
Idaho:
Iflinois
Indians
Iowa: 1
Kansss.
Kentrmk
Im.lisian
Maine: ;
MaryIan
Msazach
Mlchimi

usetts: Boston .._--- . . . . . . . . . . . . .
m:

D~troit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Grand Rauids-. . . . . . . . . . . . . . . . . . . . . . .

Minnesota: Minneapolis . . . . . . . . . . . . . . . . . .
Micaissippi:

Jackson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Passagouk . . . . . . . . . . . . . . . . . . . . . . . . . . .

Missouri:

6
8
6

6
‘f
6

3. 8W

1:z

24 21 .184
.017

Kanms City. . . . . . . . . . . . . . . . . . . . . . . . . .
St. Louis. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Montana: Helena. . . . . . . . . . . . . . . . . . . . . . . .
Nebraska: Omaha . . . . . . . . . . . . . . . . . . . . . . . .
New Hampshire: Manchester . . . . . . . . . . . .
New Jersey: Trenton . . . . . . . . . . . . . . . . . . . . .
New Mexico: Albuquerque . . . . . . . . . . . . . . .
New=p-rk:

.-

7
8
4

1:

1.895
2.677

.021

.325
164

:254)
.425

11
12

1!
7

10
8
9
7

10:E
.250
.308
.100

lnalo -------------------------------
New York. ..-. -.- . . . . . . . ..-. ..--- . . . .
Syracuse . . . . . -------------------------

North Carolina: Charlotte . . . . . . . . . . . . . . . .
;;~hDakota: Minor . . . . . . . . . . . . . . . . . . . . .
-—.-,

Cknctnnati. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cleveland. . . . . . . . . . . . . . . . . . . . . . . . . . . .

Okahoma: Oklahoma City . . . . . . . . . . . . . . .
Oremm:Portland . . . . . . . . . . . . . . . . . . . . . . . . .

71vania:
is . . . . . . . . . . . . . . . . . . . . . . . . . .

m Juan . . . . . . . . . . . . . . . . . . . .
Providence . . . . . . . . . . . . . . . .
: Charleston . . . . -----------

aoucn uaxota: Rapid City . . . . . . . . . . . . . . . . .
Tennessee:

11

1!
7

1.fm
L 750
.431
.898

Penimy- _._._.
Phiiadelph
Pittsburgh

Puerto Rico: S
Rhode Island:
South Carolina“.. ..-.

2.775
.989
.747
.464

123
(zj

1:
13
7

Chattanooga. . . . . . . . . . . . . . . . . . . . . . . . .
xf.—-k, - 11

11

3

;
8
9

10
8
9

:

10
15

16
14

,162
.583LV.m”p,,, s........ . . . . . . . . . . . . . . . . . . . .

Ti?xnq.
Austin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dallas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Utah: Salt Lake City . . . . . . . . . . . . . . . . . . . . .
Vermont: Burlington . . . . . . . . . . . . . . . . . . . . .
\7irginia: Norfolk . . . . . . . . . . . . . . . . . . . . . . . . .
Washington:

Seattie . . ..-. -.- . . . . . . ..- . . . . . ---------

.234
I. 420
.858
.057
.519

:E
170

1:503
.021

6
6

10
6
4

Spokane. . . . . . . . . . . . . . . . . . . ..“,.-. r,.—. . .. ---- . . .
Charleston . . . . . . . . . . . . . . . .

Lsm: Mmvaukee. . . . . . . . . . . . . . . . . . . .
;,,”. T...-:.

,“ebb VUglma: ,
Wiscon, ‘-’”
Wy0miu6. .,a.-laLL= . . . . .._ . . . . ..-... ---...I

Network average . . . . . . . . . . . . . . . . . . . –
Network total . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

8
. .

8 8 9 9
60.337

I —
LNommple.
2 Not availabic.
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TABLE V.—Average concentration of strontium 90 in monthly raw milk .rample8,
1957-01

[M1cremicrowriesper titer]

W&ion 1957

nto,CW~------------------------- 94.3
Tax------------------------------- .. . . . . . . . . .
:e_~ity,Utah.....- .. . . ..- . .------- 94.7

Sscmmet
Anstin, 7
Salt Lsk{
Chiccgo, u!-------------------------------- -..-...;i:y
New York, N.Y---------------------------
Cincinnati Ohio --------------------------

pokmte, ~mh..- . . . . . . . . ----------------- .-....:-6!.
;tlarlta, C#a. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
t~o-~~;ad, N. Dab........-..-....-.-.-...;;:7

.....-.......................

Avwsge..-. _. . . . . .._--.. - . . . . . . ..-_l 6.0

195s I 1959 I 1960I KMM1
$.2 5.0 3.2 4.0

23.0 5.5 4.2 3.5
4.5 6.5 3.5
J7.5 $.;
6.5 :: 9.5 ::
8.5 12.8 10.0 9.0
19.0 12.2 11.2 7.5
~12.0 15.5 14.5 13.0
~14.0 14,2............_.._________
13.0 22.2 lao 17..5

——

1ThroughJune1361.
*Approxfmatdy lest halfof year.
Source: “Radiological Health Data,” vol. II, Nm. 8 and 11.

8.0
I I 10”01 8“0

11.0

TABLE VI.—Aver-age daily intake of atron.tiuna 90 via the total diet of ohildre?t
w$der 181

[Micromicraamies per day]

I I

Location I‘%%’lStrrmtimn90
samples

Los Angeles, Calif . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Denver, Colo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

11 5
12

Atlanta, Ga . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
7

10
St. tiuk. Mo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

7

New York, N. Y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 :
Austin, Tex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._ 11
Seattle, WMb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-

10
11 7

Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

1 Computed frommemUed strontium Wmntint ofwwkly mm~sihsamplee, exclwive ofdrinkingw8ter
but indnding 811beverages and snacks. Samplw mue~~d at board~g SchwIS for ~hfidren at locations
shown between January end December 1961.

Source: “Radiological Health Data,” vol. III, No. 7 (@be published).

TABLE VI1.—Average concentration of strontium 89 in rrwnthiv raw milk
8ample$, i957-59

[Micromicrocurles per liter]

I 1957 I 1958

Area
2d 3d 4tb 1st 2d

qna:. quar. quar. qua: qnsr-
ter ter ter

Atlanta, Oa . . . . . . . . . . . . . . . . . . . . . . . . . . . _._... . . . . . . ._._..
Austin, Tax . . . . . . . . . . . . . . . . ----- _.... _ . . . . . . . . . . . . .._. _.
Chicago, Ill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -.. -..
Cincinnati, Ohio . . . . . . . . . . . . . . . . . . . . . . z 75
Fargo-Moorhead, N. Dak... . . . . . . . . . . . . .._. . ..?. ..<?.
New York, N. Y . . . . . . . . . . . . . . . . . . ..__. *8O 55 <5
Overton, Net . . . . . . . . . . . . . . . . . . . . ..__ . . ..-. . . . . . _____
Sacramento Calif . . . . . . . . . . . . . . . . . . . . . 1,20 15 5
Salt Lake (?ity, Utah . . . . . . . . . . . . . . . .._ 265
Spokane, W~h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..4.. . . . . . .
St. George, Utah . . . . . . . . . . . . . . . . . . . . . . . . . . . . _____ . . . . . .
St. Louis, duo. . . . . . . . . . . . . . . . . . . . . . . . . Z160 80 ’20

135
J25

. . . . .
65

166
30

50
30

....-.

.....
w

1 1 ! \

Average . . . . . . . . . . . . . . . .._. . . . . . . m 50 5 x)

—
3d
uai--
ter
—

75
30
70
130
110
65

20
40
255

285

w

4th
LUW.
ter

:;
45
65
30
50

15

i:
. . . .
130

—
50

1959

1st
.Unr.
ter

ii
$;

m
5

15
30

1:
15
95

30

2d
pJar-
ter

sir

:;
40
25

s
25
al
54
15

125

40

3d
uar.
ter

15
5

10

x

4:
<5

5

<:
15

10

4th
p.lar-
ter

::
<5
<5
<5
<5
<5
<5
<5

2:
<5.
<.5

i Average bnscd on I month,
* Average based on 2 months.

Source: ‘‘Rsdiologlral Health Data,,> VOI,II, No. s, A~g~t IgfjI,
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TABLEVIIL-Average dailg strontium 89 levels in processed milk, September
1961 to March 1962

[Micromicrocuries par liter]

Strontium S9

Stationlocation
—.

%tern r

Alak.sx Palmer ------------------------------ --------
Arizona Phwtix ---------------------------- --------
Arti=; Utfle Rwk----------------------- --------

Swarnento ------------------------------ <5
Sau ~nci ----------------------------- . . . ..-i.

Colorado: Denver ----------------------------
Connecticut: Hwtford ----------------------- --------
Delawsre: WUmington ---------------------- --.-.ii-
D1stiitiotColnmbia ------------------------ .
Florid% Tampa ---------------------------- . . <6
GeorgIn Atlanta ---------------------------- . 5
Hawaii: Honolulu -------------------------- . --------
Idahrx Idaho FWs-------------------------- - .--.-x.
Illinois CMmgo ---------------------------- -
Indiana Indi8naWlis ----------------------- . --------
Iow.c: Dca Moirrea-------------------------- . . . . . . . . .
Kanscs Wichita . ..- . . ..-. ..---. -.- . . . . . . . . . ---------
Kentucky: Louis.,ille. . . . . . . . . . . . . . . . . . . . . . . - . . . ..io.
Louisiana New Orleans . . ..-. -- . . . . . . . . . . . . -
Maine: Portland. . ..---. .--. . . . . . . . . . . . . . . . . .2U
Maryland: Baltimore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Massachusetts: Boston --------------------- . . . . . . . . .
Michigan:

Detroit --------------------------------- . . . . . . . . .
Grand Rapids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Minnewta: Minneapolis . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mississippi:

Jackaan.................................. 10
Pcscagonla.- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -------

a’fiwwuri:
Kansm City. ..- . . ..--. . . . . . . . . . . . . . . . . . . . . ...%
St. Longs . ..-. .--. ..-. --.--. . . . . . . . . . . . .

Montana: Helena . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Nebraska: Omaha . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Newl?ampahire: Manchester . . . . . . . . . . . . . . . . -------
New Jersey: Trenton - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
New Mexico: Albuquerque . . . . . . . . . . . . . . . . . . -------
New York:

Butialo. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -------
New York . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
Syracuse,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

North Carohna: Charlotte . . . . . . . . . . . . . . . . . . . . . . . . .
:g:h Dakota: Mirmt . . . . . . . . . . . . . . . . . . . . . . . 1:

Cincinnati . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -------
Cleveland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..--..

Oklahoma: Oklaboma City. . . . . . . . . . . . . . . . . . ..--..
Oregon: Portland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pennsvl,,ania

Philadelphia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pittsburgh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Puerto Rico: San Juan. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rhode Island: Pro$ridenct . . . . . . . . . . . . . . . . . . -------
South Carolina: Charleston . . . . . . . . . . . . . . . . . .
Tennessee: I

Cbattrmooga. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ------
Memphis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Texas:
Austin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . <!
Dally . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Utah: Salt Lake City . . . . . . . . . . . . . . . . . . . . . . . . II
Vermont: Burlinxcon . . . . . . . . . . . . . . . . . . . . . . . . ..-. -.
Virginia: Nor folk . . . . . . .._- . . ..-_. . . . . . . . . . . . . . ..-.
Washington:

Seattle . . . . . . ..--. ..___ . . . . . . . . . . . . . . . . . . . 2
Spokme. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-.

West Virginia: Charleston _._. _.. _. . . .._ . . .._ .--...
Wiscansin: Milwaukee . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Wyomimz: Laramie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Network average . . . . . . . . . . . . . . . . . . . . . . . 1(

1961

Dc&

105
<5
35

2:
1s
?4)
46
36
15

<?
35
5,5
20
65
30
15

1%
30
123

50
75
lm

40
30

S-5
30

1::
40

2:

45
50
w
30
40

25
‘to

$

35
6:
lC
6C
15

2!
3(

1(
2(
2!
54
8:

7!
II
71

2

4C

warn.
bar

20
20
w

10
15
25

H
m
10
40
n

5
15
20

%

%7
<5

<?

15
15
20

175
145

x

7:
5

15
10

;

2
5

w
10
70
20

10
5

136

;:

so
85

63
60
15
5
40

30

4
5
5

55 I 35

anu-
WY

10
30
60

10~
10

<:
<5
<5

15

%

<:
<5

10
15

~
<5
<5
<5

<5
5

10

210
.. . . ..-

15
10

1:

22
20

<5
<5
<5

10
5

<;
40
40

<5
<5
125
<5
60

55
105

m
40
5

1:

xl
5

<:
5

25

ebru-
ary

1:
110

2

45
<6
<6

1%
so

<:
<5

5
15

3;!
<5

<:

<5
5
5

300
.- . . ..-

15
10

5
15

:!

2:
<5

:!

2:
40
15

<5
<5
110
<5
85

80
135

25

G
~;

10
5

z
<5

30

[arch

<6

lH

35

<?
$;

<5

1%

<?
<5

<?
30
35

315
<5

::

<5
<5
<5

2m
------

26
10

5
5

:;

<5
<:

?5

3
40
20

<5
5

<:

190
125

30

<?
<5
40

<:

z
<5

35

;,.:
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE,
PUBLIC HEALTH SERVICE,

Washington. D. C., Hag 24, 1962.
The Public Health Service announced today that preliminary field reports

received from its radiation surveillance networks show increased amounts of
radioactive iodine ( I’si ) have appeared in pasteurized milk samples from a num-
ber of States located mostly in midcontinent sections of the United States. The
States, date of samDle. and micromicrocuries of I’n per liter of milk are as.
follows :

l—l—
Arkansas:LittleRaek--------- MaY 14 30
Colorado: Denver ---------- May 17 45
Illinois Chicago ---------------- MaY 16
IOWFCDes Moines . . . . ..-.. ----- May 17 3%
Kansw Wichita-.--. . . . . . . . . . . May 15 Sso
Minnesota: Minneapolis..----- May 18 29Q

I
I D8ta

l—
Missouri:

Kansas City . . . . . . . . -------- May 1S
St.hu~.----..----...----- May 16

Nsw York: Syracu$ . . . . ------- MayM
Ohio: Cincinnati ------------- MaY 17
Tennessee: Chattanooga . . . . . . . . MaY 15
West Virginia: Charleston . . . . . . May 18

kfiorO-
micm-
mries

l%e;

m
80
40
50
30
40

Previous levels at all points in the 61-station network had been below 20 micro-
microcuries per liter, the Public Health Service said.

Under Federal Radiation Council guidelines an annual average I’n intake
of 110 micromicrocmries per day, or a total of 36,500 micromicrocuries for the
Year (range II), is considered acceptable under normal peacetime conditions.
The Council recommends that consideration be given to protective countermeas-
ures when indications are that average daily intake for a year will be in range
III, which for 1’= is 100 to 1,000 microxnicrocuries total daily intake, or a total
of 36,500 to 365,000 micromicrocuries for the year.

A micromicrocurie is one-millionth of om+millionth of a curie. A curie is
equivalent to the radioactivity given off by 1 gram of radium. Iodine 131 has
a half-life of 8 days, which means that its radioactivity decreases by half every
8 days.

The Public Health Service said that the recently detected increases are be-
lieved to be transient, but in order to evaluate the situation more completely
milk sampling had been increased from the normal weekly schedule to a twice-
weekly basis in the affected areas.

Dr. CHADWICK. I should now like to very briefly summarize the
material presented in these reports.

The iodine report summarizes the information on iodine 131 expo-
sure clurin~ the fall of 1961. previous periocls during which iodine
131 levels have been detectable in milk were reported in the 1959 hear-
ings. Iodine 131 from the soviet atmospheric weapons testing se-
ries be~nn appearing in milk during September 1961.

By January the levels in ~enera] had returned to a value at or below
the lower limit of detectability of 10 micromicrocuries per liter. The
data on the iocline concentrations in milk are summarized in table
I of the first report, submitted for the record.

Some evaluation of reported iocline 131 concentrations in milk can
be obtained by corrlparing estimatwl total intakes of iodine 131 with
the guidance of the l?ecleral Radiation council.

For purposes of estimating intake, it lULS been assumed that (1)
the average consumption of fresh milk in the critical age group is 1
liter per day, and (~) milk is the only significant. source of intake
of radioiocline in tll isgronp.

.,,;,,,
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These assumptions are discussed in some detail in the background
report, I might say.

The report shows that the average iodine 131 intakes during certain
periods were in range III of the Federal Radiation Council guidance.

Mr. R~M~Y. Could you outline what you mean by “range III” of
the three ranges so we can get the picture of that.

Dr. CHADWICK. Yes, sir. To start as a kind of anchor point in
the range system, the upper limit of range II is a daily intake which
if sustained constantly, or if values were to average at that level ;.)~:{;\i:j:;;;:j\j,;:::t:\{tj;;!{,:;,.:, .:$;~:;;i~:t:f:::~(;f:::{;i::j;i,!’:.::\:\j;{::;’;:

would correspond to a dose equal to the radiation protectiofi guide
i,..,.,,,,..:,.......... .. ..,i,;,.,.:::,

or the radiation dose that is considered acceptable for normal peace-
,,. . ,:.:,,,,,;\,.(f/>/,<.{.,. ...,, ,. .,,

time operations.
The other two ranges could be described as follows: The upper limit

of range I is a factor of 10 below this intake and the upper limit of
range III is a factor of 10 above. The Council indicat= that op-
erations should be conducted in such a manner that the total daily
intake of the average daily int zke over the year does not exceed the
upper value of range II.

It indicates that when intakes are in range III, an effort should be
,,, .

::::4:..;,:;;;;$ ,?;t ....:;;;+’:{<:</:{};tild;wiili:’<:J!lRi,~!:*~,~:~i:~:($::~:~~~-~>.#.+~!f..(!~~.,...,
made to reduce intake to a lower level.

Mr. RAMEY. That is for a whole year?
Dr. CHADWICK. That is right.
Chairman HOLIFIELD.That is qualified by the fact that your sen-

tence says that the average iodine 131 intakes during certain periods
were in range III of the Federal Radiation Councd guidance. You
sa certain periods.

6
Was this a matter of a few days out of the year?

r. CHADWICK. I am going to develop this in a little bit more de-
tail, sir; and perhaps I will cover in general your question.

Representative PRICE. Will you proceed, please.
Dr. CHADWICK. The Council states:
Transient rates of intake within range III could occur without the population

group exceeding the RPG if the circumstances were such that the average annual
intake fell within range II or lower.

The report shows that this was the case for all the stations as well
as for the national average during the 5-month period, which was
60 ppc (micromicrocuries) per day.

It is useful to consider estimates of the radiation dose to the thyroid
from iodine 131 during this period and compare these estimates with
the RPG.

Using the above assumptions and the relationship between intake
and thyroid dose provided by the Federal Radiation Council Iteport
No. 2, doses were estimated for infants with a 2-gram thyroid, con-
suming milk from each of the sampling stations.
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The results to each station are given in table 11 of the iodine 131
report, and are summarized in figure 1, which gives a percentage dis-
tribution of the infant population according to the estmated thyroid
dose from iodine 1311September 1961 to January 1962.

From these data, It can be estimated that for the country as a whole
an average year-old infant received about 160 milliroentgens during
the 5-month Deriod.

To date al~ of the estimated thyroid doses are less than the annual
RPG. .::,:(, ::::;~t:,(::,(, :::::;:{,,.:...’~,~ :..;..,,:: .::;.::(:::;::$:::,:;,,,j :,’.,. :::.:,,,,,,i., , \:,::,.::,,,,,~,:’:,’’::’::::!::~t.:$.,.:.,,

Strontium 90: The results of the strontium 90 analvses in milk have i
,,., ,: -:,

been summarized in the second report submitted fo~ the record, the ! $,.~.~~,

intake of strontium 90 and certain other radionuclides by the popula-
tion. In tabular form the report gives the annual average strontium
90 concentrations in milk for each of the stations as well as an esti-
mated annual average for the United States.

To obtain some measure of the significance of these concentrations
of strontium 90 in milk, comparisons were made of estimated total
daily intakes of strontium 90 derived from the milk concentrations
with the guidance of the Federal Radiation Council. ., ).:ii}ww;;~!<:::l:lt:;<::hi;<:.;{:::;;,,

These estimates are presented in table I. The assumptions nnder-

,,
,, ,“!’i&i*,,#**ti;fi:: $;)\{:t;;::i:!

lying the estimates of intake are summarized in the report. Com-
parisons of these estimated avera~e daily intakes with the guidance of
the Federal Radiation Council shows that all of the intakes were in
range 1, the upper limit of which is 20 micromicrocuries per day.

Intakes at the upper limit of range I continued indefinitely would
result in radiation doses to bone and bone marrow one-thirtieth of
the RPG’s for normal peacetime operations.

Strontium 89: Since the inception of the PHS milk sampling pro-
gram, there have been two ~eriods when strontium 89 has been pres-
ent in measurable Ievek in mdk.

The data for these periods are summarized in the report. Table
II shows estimated monthly average daily intakes of the U.S. popu-
lation for the periods of late 1961 and early 1962, and quarterly
average daily intake for 1957, 1958, and 1959. Again, comparison
of these estimated average dail intakes with the .gwdance of the Fed-

11ernl Radi~tion Council shows t at all of the intakes were in range I.
Cesium 137 and barium 140: Data on milk content of cesium 137

rmd barium 140 are regularly reported in Radiological Health Data.
The estimated intake of cesium 137 and barium 140, based on the
analyses of these radionuclides in milk, has been considerable lower

Jin relation to accepted guides than those of strontium 89 an stron-
tium 90.
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TABLEI

I
13

50

Percent Distribution of Infant Popil.ation
Ae@Or~’fo E-- lhyroid Dose FYouII-1.31

Sept. 1961- Jw. 1962

AvG. bC13E
(160 mr)

I
1“
+

36

27

RPG

10 10

100 150 2m 250 303 350 Am 450 5C0

ANNUAL

THYROID DOSE from I- 131 (Millirem)
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TABLE 11.—Estimated annual average dailyintaice of strontium 9:1M U.E.
population, 1957-61

—.T —-—,. — . ..——

I

Average
drti!? i~
tslre of
s, s< ,~:

n~icrOmic,O-
mrks)

,.____ .._

I From raw milk network.

TABLE 111.—E6t%tated monthtv average dait~ intake of atrontiv.m 89 ?W U.S.
population, September 1961 to March 196,?

Month

.— ....—.

Representative PRICE. I)r. (Y~adwick, on l):~ge 2 you speal o{
weighing samples with respect to the, coniribntion c,f tl-.e m::j~}r
processing plant to the total sLIpply.

Do you have data for the individllal farm in outlyi]lg districts to
record hotspot inf ormat ion, or are these samples t ZIWP fr(ir.i 1arye
batches ?

Dr. CHAD\VICK. Tl~e+se are taken from lxr~e batches. in otj]er
Worclsj these are taken after processing in the milk processill~~ ;)la}lt.
of course, a given plant draws from a large nlimfier of fa~ins.

Representative PRICE. ITOII speak of the nlonth~~ ptl;)licatioll.
Radiolo~ieal Health ~at a. I)OCS the cli ssen~inat ion of lnforn~at ion hv
this publication on a monthly basis prove to be as tinlely IS it migl,i,
and how SOO1]after data is con]l)ilecl is it pub]islle(i !

Dr. CHADWICK. There is an appreciable l:tg period bet wem +!:C
avail:lbi]ity of the l,eslllts of tile :Illtllyses ;illd the 1)llblic2t ion of tile
Racliologi&l Heilltll Data. Tl~is is partiall~’ compensated ior by dle
policy of the l’~lblic IIe:]]tll Sel]i(e (o re]e;,~e tile dztfi zs soon :~s ,~e
have clleckecl out tl]e data.

In other m-oI>cIs, t]lev ;lre Il]:l(le :[v:{i]:ll)]e ill r]lcI fornl of periodir jFsll-
ances to the lJllblic iil :~({{litioll to tl]ei(. ])uljli~,:l! ion in P~;\c?ioloLyiti:!
I-Iealth Data.

Representative P~l(SK. lrr. JIolifield.
Chairman HOLIFIELD. hfr. chairm;]n, a la(ly i:,me. ,lp to cr. yester-

d:k~ after tile meeting :111(1Sili(l She 11:1(111:1{1trolll?e ill Obt:iilllll,g tlli~
data from the pllblic healtl] :l~ellcy in Nfilw:~ukec,

IS tl)ere any policy 011 tile l):ll,t of ~11~ Pl:l?l ic I-I[iilt !1 M:vice l!Ot t{O
release this to local people IIpOn rcyllest /
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Dr. CH.IDWICK. li’o, sir. We release any and all data upon request.
In other words, as soon as w-e have the laboratory-approved findings.

Cha irmnn HOLIFIELD. YOU transmit it to Washil}yton to your cen-
tral coordinator, I suppose?

Dr. ~HADwI(3{. Yes, sir.
~i]airmal~ HOLImELD. But it is also made a~ailable upon request to

local newspapers and local people ?
Dr. CHADWICK. Yes, sir. Incised, the local health departments get

the ~’esults as soon as they are available. of course, they are paltici-
patmg in the networks, as -you know, in terms of sample collection.

Representative PmcE. YOU see frequent news stories based on this
report.

Dr. CHADWICK. Yes, sir.
Chairman HOLIFIELD.I could not understand this complaint. because

it has always been m-y understanding that any figures that are devel-
oped in the Public Health laboratories in this field! particularly, are
public information and should he made a~ailable, If it is not, to the
people of each locality as well as to the Washington office.

hr. (UH.iDWICK.They are made on a regular basis, sir.
Representative HOSMER.This monthly publication. Radiological

Health Data, is something you have to pay for if you want to get it’?
Dr. CHADWICK. Yes, sir. There is a small charge for Radiologi~.al

Health Dat>. But many libraries and newspapers have it.
Representative HOSMER. .4 public health office would not necessarily

have copies on ha ncl like a newsst and ?
Dr. CIHADWICK.The State health departments have copies of Railio-

logical Health llata. Each State health department gets a certain
number. I tori’t remember offhand, but they get a cert zin number
of copies on a regular basis.

Representative HOSMER. lf 1 went into the health department of my
hometown and wanted a copy of this, it would be rnther unlikely that,
they would just ha~-e copies for sa]e to nnyone who wandered in?

Dr. CHADWICK. Probably they WOUIC1not,. They woldd undoubtedly
have a copy available for you to look at, and would be able to tell
YOU where to get one of your o\Yn. I \\-ollldn’t expect them to ha~-e it
available for mle there.

Representative l?RICE. cm znyoile secure a copy b-y writing to the
Public Health Service here and paying the cost ? ~wmt is the cost?

Dr. C~.mW1cK. I -will have to ask someone. I hare been informed
$5 per year from tile S7~perintcndent of Documents.

Representative F’RICE. lV])nt areas ~rere affected first when iodine
131 began :tppearing ill milk c]l]ri]l~ septen~ber 1$)61?

Dr. CHADWICK. ln ~e~e~al, it was the ~outheas(ern lJnited States

where we ol}served the levels in milk fi%t. Th~n it swept from that
area on throllgh the rest of tlle com)t ry.

Representative PRICE. Hmy mll(’h cent rol iloyOIIhave on stoppi]lg
milk tmnsumprion, i f need be, by t]]e ~)lll)]ic when Illlllsll}ll hi~h levels
of iodine 131 first a[)pet~r? 1!1 otllrr JYOrCIS,llo~,f-IO!lg’ is it fl’onl tilkill~

tI19 Sil?71~l(S :11](1 lf>(’e~r~]~~ t]~(> (l!~t$~ ~

Dr. C1l.mvIvv;. -Is tar il~ io(li]l: 1~11is concerned, it is extrenlely
rapid. It is ~ nlatter of 24 or M }iours from the tin~e the m ilk sample
iS(Y)]]eded 11.llti1the til~li>W-])ellW(]?):t\-E!(])t>l“eSll]tS fro~l ~llt? l;t})OI’:ltO].~.

Representative P~l{w. ~f’hat :~kx)~ltother fz[lo~]t debris ?
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Dr. CHADWICK. In terms of the other materials it is considerably
longer. Of course, by the same token, the other materizls do not tend
to show the kinds of wide variations from day to day or even month
to month that iodine 131 shows.

The fluctuations in strontium 90, for instance, tend to be very much
less. They are much more gradual, whereas the iodine, by virtue of
its short half-life, shows very wide variations.

Representative PRICE. Has there been any area of the country so
far where the fallout has been considered to the point where you even
thought about the necessity of stopping the milk consumption?

Dr. CHADWICK. No, sir; it has not. .4s indicated in the paper sub-
mitted for the recor~, “Intake of Iodine 131 b~ lJ.S. Population j:’ table
H, which shows eshmated thyroid doses to jnfants, even the highest
valuee for estimated thyroid dose were below the annual RPG of the
Federal Radiation Council.

Representative PRICE. We frequently read press stories as to the
extent of fallout in given areas.

Would you care to comment on the significance of the period of
high dosages f For instance, the most recent one was in the Midwest.

Dr. CHADWICK. The sigmticance of any daily value can onlv be
evaluated in terms of what you expect the annual average to be. This
is particularly true for t.h~ case of iodine where the total anlount of
radiation dose from any given activity is delivered over a very short
period of time.

So the only way that one can make any evaluation of these high
values is on the basis of expectation and predictions as to what the
annual accumulated doses are going to be.

Chaifian HOLIIVE~. YOL1see where we get a lot of excitement
and a lot of fear is because a headline will say, C;Radioactive Iodine
Found in Milk T)oubles That of Previous Measurements.”

They may be talking about a millionth of a millionth of n curie goes
to twenty-millionths. Rut the word “doubles-’ indicates to the per-
son who does not have access to the annual averq~e that l]ere is some-
thing that is startling and this makes a headllne and it scares the
mothers to death. and they cancel their milk orders.

ln a case of Minnesota, a yenr or two a~o, even the }Illrchnse of
bread fell off because of a headline which was taken completely ollt
of context of its scientific meaning. Rut this is sometl)ing you ran’t
control iHld woulcln’t control in a free society.

Rut it. does came alarm. One of the, reasons for tl]is committee’s
hearings is to try to put these IYIIIIW in proper perspwt i~e so that at
least people who want to be informed (’an be inf~rn~e~~ 011t]]r re~[L-
tive meaning of these heacllines.

Representative PRICE. Dr. ~hadwick, yotl state tl)at ra]lge 111
COUld occlir without exceeding the i~ver;~ge annIIal range 11 il~take.

1s this not a rather conf(lslng form of guidal]ce for tl~c I)ublic ?
Dr. ~11.ir)wICK. of CO17rSe. tile Fp{lpr:ll Ili}(li:)tio)) (’oi]l](il Uliidal)ce

rexll-y was not ad~resse(l to tile pII131ir. Ill other wor(ls, tl~eglli(l:Lll(e
Iv:lS directed to ~e(~er:ll :}~ell~ip~s With res}ml)sil)il ities ill ra(liolo~ical
health to give tllelll sollle I);lsis for t])e ]{i]l[]s of :l(,tioj\s wl)i(il zI)I~lIt
be :Ip])rol)l.j:lte jJl th[~ sitll:lti{)ll of ~lifl(.l{.nt tlilllsj(~l]t I.:lt[,s of illti~ke.

I slml)ect t]l:lt jt is sol))e~frl~;~t ~OIl)I)lj(l~pcl. bllt J :1111Ilot sill.e 1 1;))()}.;

exnctly how it can be simplified. In other l~omls, it is a nlatter of

,-
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trying to consider both the actual estimated intake for a given day
and also estimations of w-hat this will be over the s~ace of a year.

Represent a.tive PRICE. Mr. Ramey.
Mr. RAMEY. Do YOLI consider that the FRC ~lides, which a~e es-

sentially prepared for normal peacetime operations, to be applicable
to fallout and to your iodine 131 situation?

Dr. GHADWICK. I will be discussing this to some extent in testimony
on Thursday. I think it depends on what one means by “the guides:’
I think the guidance and the method of approach and the general way l!:i':':i:!is:i:li`!:'(;:il:':it:{J:{{$M(!t:$;::${:i:'!:'::: “::,:;’;,’! ‘
that you consider the matter is indeed sound.

The specific numerical values I think one might have to look at
. . ,<.<,,

more carefully in a situation of this sort.
Mr. RAmY. Yet, the way it is set out, you would seem to have -your

normal peacetime values applicable to your fallout situation. I am
not saying this is right or wrong.

Dr. CEIADWICK.You mean the way this paper is written?
Mr. RAMEY. Yes, and just looking at the guides.
Dr. CHADWICK. I think they serve as a benchmark, as it were, for

comparisons. Indeed, they are the only benchmarks we have for
..;., ,.;.,+..... .$.. .,,;. ,<,......*;**wk*, /;rj.\&+.;j;j$~.,(;::i;$kt#?\.r,..>>r**br!..*..~.:..;.. ,,..,.;,,;.,.,

comparisons.
To that extent I think one would continue to use them as some meas-

ure of what the present situation was to try to relate it to something.
You would relate it to the guides for normal peacetime operations.

Representative PRICE. You mention the subject of strontium 90.
When will you have the data from the 1961 Soviet test series pub-
lished f

Dr. CH~DWICK. We publish regularly. The values for strontium
90—for strontium 89—are included through March of this year. We
have already published and released the values through March.

The values for April will be coming fair] soon. In other words,
7we are just seeing now the peak first year va ues from the Soviet tests

of last fall.
Representative PnmE. What data do yoLl plan to publish concern-

ing the s]lort-]il,ed nllc]ear debris other than those you have covered?
Dr. CHADWICK. We have covered in our report—we have covered

completely—the. iodine situation because that is complete as of now
from the tests last. fall. As far as strontium 89 is concerned, we have
covered that fairly completely also in the background papers which
have been submitted for the record.

Representative PRICE. I wonder if because of the great amount of
interest that at least. those of us in the Midwest have found about the

,<>
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recent stories of the high level radioactive iodine that showed up
recently all through the Midwest, in the St. Imuis area, in KanS<~:s
and Minnesota, if you could supplement your statement with a com-
ment showing the significance of that incident.

Dr. CHADWICK.Yes, sir; I would be glad to do so. We put out a
public release on this about 10 days ago, as I recall, which summarized
the first series of values that we had from the various stations in that
general area.

Since that time there have been additional determinations done on
radioiodine.

Representative PRICE. I think you should submit a further state-
ment to the committw treating on that matter, and also furnish the
committee with copies of any releases that you put out.

Dr. CHiiDWIGK. I believe we regularly supply the committee with
all of our publications.

Representative PRICE. I mean specifically for the purpose of these
hearings.

Dr. CHADWICK. Yes, sir; I will certainly do that.
(Statement referred to above follows:)

STATEMENT ON IODINE 131 REPOBTED IN M.4Y 1%32 FROM THE PASTEURIZED MILK
NmoRK, PuBLIC HEALTH SERVICE’

By Donald R. Chadwick, M. D.,Chief, Division of Radiological Health, Public
Health Service

Previously reported elevated iodine 131 levels in pasteurized fluid milk from the
Public Health Service’s pasteurized milk network during May 1962 are sub-
mitted herewith for the record.

1. All iodine 131 reports for each station for May 1962 are included in table I
(preliminary report ).

2. Table II presents the monthly average iodine 131 levels for all pasteurized
milk network stations for the 12-month period ending May 31, 1962, and the
yearly average for each station.

3. Also attached are charts showing “.lccnrnulated lZMonth Iodine 131 Levels
in Micromicrocuries From l-I.iter Per Day of Pasteurized Fluid Milk” from June
1961 through May 1962. for the seven stations with the highest iodine 131 intake
as presented in my background statement submitted June 5, “Intake of Iodine 131
by U.S. Popnlatio]l, Fall of 1961.” The stations are Des Moines. Iowa : Minne-
apolis, Minn. ; Palmer, Alaska ; Omaha, Xebr. ; Kansas City, Mo. ; Detroit, Mich. :
and Wichita, Kans.

These charts also show the 12-month iodine 131 accumulation levels in terms of
the FRC ranges. The charts show the May 1962 accumulated 12-month iodine
131 levels werl within range 11,

,

I Prepared at the request of the Joint Committee on Atomic Energy he+!rings Onradiation
standards, including ffllloutl June 5, 1902.
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uSYAR’l?lEN2w -LTM, EoUCATtoN,AND WELF~ - P~LIc ~Lm sERWcB
Division of Radiological Health --- Satiation Surveillance Center

washington 25, D.C.

SepOrt of: Iodine-131 Concentrations in Pasteurized Milky
PASTSUSIZED t411KNS’iWONN

For Per iod: w 1962

Dctc: June 6, 1962

LCCATIt31

DATS

. Alabama, Uontsmamy I 1“ I Jd
Alasti, Palmer * <10 20 ~<Ql
Arizom, Plmmti * <10 I C20

Arkansas, Littlt Rock <lo I 30
California, Sacranto * i <lo 15

CaIi fornla , San Franciaco I I -=0 <lo
Colorado , DtlWfir ● <lo ao

\

Corm.eticut, Nartf ord A* n I 1 <1 (l-. “ I I ..-

De lavare, Wi lmimgton <lo klo

District of Columbia ; <lo <lo
Florida, Tampa <lo
C.orSia, Atlanta <lo 40

klavali. Honolulu * <10 I 10 I
1.>.%- . . ..- . . . . . k ICLOI I I 1 I I Iaol IlQ=KVJ, L=*II.J ,. L ‘, - J

Illinois, Chicaso . . .“

Indiana, Indianapolis <10

Iowa , ws ltoine~ ●
I -aO I I I <lo

Kanaas, Wichita ● <lo I 670

-.. -..., , -“.. . . ..- 1 . . I I ! I I 1

Louisiam, New Orleans , r , , , 10

mine, P--., --- I I 20[ I I I IUol I I

-- ,.-,..,,ll. LO j I I I I <1P I I I I i I

I I I

I ik-v lami. Baltimore 10 I i I I I I I I I J. .
Has8achuaettn , Boetot) <lo <lo <10

Michigan, Dttroit <lo I <lo I
d

Michisan, Grand ------ <10 <Km

Minnemta, Minneapolis * i I
<10 <lo I

“4. .4..4--4 ,..,____ ! I L... I I I I I [ IA I

“ -, . . .
[ I i I I I 1 I I 1 I 1 I 1 -!

.... . ..o. pp.. .e. r.a”,,

I I I I I I .,. I I I { I I
I H

Missouri, mmae city * i i <lo I I i 1 i 45 1’

Hiasowi, St. Louie * <LO I 1s I I i IJ:
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1
~~— “LOC.41TON

~:=. ,,
tniczmicitiuriai- pe-r”-~tee ‘ “

1

i

Rwmfa, 2AS VOsAc* II 1<,”1 I I I -1 I-7T

Nw Jersew, Trenton ao i I I . 1<101:lT
No!!MGico,Albuquerque * .1<10! i ‘.n !

NW York; Buf fc 10

IOhio. Ci.nci”wlti 1.1 1<,.01 I I 1 ‘–l 1 Ah : I I I
I ..- i I I I 1 ..” , r I

Ohio, Cleveland <lo <10 j ‘.

Oklahcew, Oklahrnsa City <lo I 1 I

Oragon, Port Land * ,<10 <1

4 I <1 I I 1. <1o’Pennsylvania, Philade Iphti

Pennsylvania. Pittllbllrch I ad I I I I [ I I I I Ill
I --- -- I I I I

[Pwrto Rico, San Juan

Rhode Is lard, Rovidance I <ld <lo
South Carolina, Charleston kio ao

Tenaessee, cbattamoga <lo I <lo
J

‘Tennessee, Fkmphin <lC j <lo /
Texas, Austin -aO 1 Clol ‘I -. , I I 1 1 1 i I I I 1 I

‘fexas, Oa1las 10 t i Qoj I
South Dskota , Rapid city *I ~lo 1 1 I I I 1“ _l
Ut&h, Salt Iakc City * I t / I C20

Vcmmt, Burlington /ao I <lo
~

Vir!?inia, Norfolk ao I ~ a
,.

Waohingtcm, Seattle * <lo ! i <lo r ao
,

Washington, SPO~ne ~ <lo Id / <10

We8t Vir@r&a, Charleston ~i)
I <1(/

Wisconsin; Milweulcce 1 <10 <lo

WYOC&S, lartunie * 15 ) i J 10
. .
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RePorc of: iodine-131 Concentrate ions in Pasteurized Milk Al
PAST8USLZS0MILKN22WOSK

For Period: Hay 1962

Date: June 6, 1962
simm

LCCAT20N micrcmicrocuries per liter :

MTS 25 16 17 18 I 19 20 21 22 23 24 25 26 27 28
AlaL21c..l, Mmtg-q j20 1 I <lo 10 <10 <lo 10 . 20;
.!.~:=1=. ?c~mr ,> I 1 t ...

1

{Arkmis, LittleP.oc~ ‘-:-
$ I [ I I

Ii ilol~l

I {

California, .S.2CI._nt0 * 35
Califon-,ia , San rr*n,c~=oi I <10! i I +20
Color I I 1 ,- . t \ Iwio, Dmvcr * T–

45 I I I t I r~v I I I I I
C0UU8CtiCut, Hartford C20 I I I 201 , I I

:-.L~awr= Wilmington <lo

111inois , Chicago [sol I I

I I I ---
I

i3msao , Wichita ● 1660 I u I I [ 71s1 I 1.7 I i I 1,*n I
t # 1 1 1 1 1 1

.-

t--- I T 1 I I
--- ---

I . . “

Rentucky, Louisville 20 j I 34

, , clo Clo

S’?aine, Portland j I 10 <lo
m .* — — 7

1 , 1 t I 1 I 1 I I I 1 I
MlchkmL. Detroit ,,-! 3 I ,

:~aryland, Balthmre 20 I I I I I I .“

ll!2=Dacbuc=tts. Boston I
I I

I ho I I “l”a~

------ -- 1 I .“

klichigao, Grand Sapids <lo I ao

}!lmeoota,Mimeiapolic● 90 17
l.!itois+qi,Jadz.aa I <lo t ao

! 1 I

,,,.

I I I I ! 1
J

Miomuri, Zticza: city > 605 15q

xissourl, Sc. huh * I 80
I I 50 :10 I 15
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Lmflm
nicrmicr.xurica pcr liter

120121122 ]23124125] 26127128
t

Montana, Helena * 13

“ Nebraska, Qmha * <lo \110 1251

Navada, Las Vegas * ,
I

15 I !<lo

Ncw liuap.shire , Naachastir 1 CIO 10 I

NewJersey, Trenton I ‘
NewMaxim. Albwuaraua * I <10 50

INew York; Buffalo Illiaolil Illaollll
New York, Mew York 55 ; I

NewYork, SymCtase 40 I
i 15~

1
North “~rolina, ch.sxl&t~ <10 I ‘ 10 I
North Oakota , Mimot * 25 30 ! 50

Ohio, Cticinnati 50 20 I
rOhlo, Cleveland ao <lo 10 10

Oklahana, Oklahcua City <lo i I Sd 100 I

1 .. 1 ! 1 1 1 1.-. , 1 , , , I
*-.4.I I I Ilnllltll [1111

Oregon. Port land ● lad I I I I I 1<101111 III

Pennsylvania, Phila& lP.W . . [ 1
I

Pennsylvania, Pittsburgh ao 15 43

Puerto Rico , Sam Juan 40

Rhode IS land, Rovidenee <, h I %G I

South Carolina. Chnrlmtod <la

1 , ..”
i I I I I I [ . . ! I I i

Taxns, Oalb 6b I 20

Swth Mm-, Sapid City k

Utah. Salt lake Citv * <1OI 20

Vms,ont, Burlington <lo 10

Virci”ia, Norfolk 20 <lo
{

W~ohin2ton,S.attle * ; <lo 1“
Washington, SpOkanO * ao Iao[

Weet Virgin28, Cbarle8t0ri 40 5oj I

Wicconsin; Nilwaukno I 1, 101
1

I I 1201 I 10I t I dlo ,i
Wy~bs, Iaramie ● t I 60 I

~Milk ~=plm~ ~ra =Olle=t=d with the Mststmc4 of State and 10=*1 health nnd milk ‘ani-

tition agencfea. Samples are shipped for analyse~ to tiicber the Southwestern or So. Ch-
eastern Radiological ilealth Laboratories located in Las ve&s, Nevada and Montgcaery,
Alabama, respective Iy. Stations skipping milk sampleis totbe Southues tern Mboratory
are ldentff led with an asterisk (*).
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I

I

\ I 1 1
NewYork,Syracuse
North carolina, Charlotta 20 I
Worth Dakota. Minot *

,

,!

Vermont, Burlinstoa I I I I I I I I

VicEinia , Norf 01k 20 I 1“
Wa8him&ton, Sattla ● <lo

Washington , BpokMo ●

Vent Virginia, Charleston lo

Wticonsin;Mllwaukan Y 30

Wyalng. IAramia * I

,,,

MMilk smpI.# em eoll.=tid with tbo e.sistmca @f State mad local health and ❑ ilk t.lInl-
UtiOIt aSenciaa. Samplea are shipped for am 19s08 to ●itker tba Southvestexn or South-
eastern Sadlolo@cal kIealth Laboratories lecatad in Us V6SM, Ma!s& ●nd Uontsomary,
AIJb-,respective.ly. Stationn shipping milk samples to tlw Sauthues tern Laboratory
are idmciflad with am asterisk (*).



TABLE 11 SADIOLODINR CONCENTRATIONOF UNITEDSZ!XfF,S~II,K
JUNE 1961 - MY 1962

DKW - PNS - DRH

Radiation Surveillance Ceiter
June 7, 1962

1 IO INE 131 (W c per liter) .
Station Location 196 1962 AVEUGE

JUNE .70zY
~
SEPT ,

(330)
( 60)
(120)

( :)

( 8)
( 60)

40
40

( :)
(140)
110

( 70)

(290)
(1 30)
( 90)

90
20

NOV , DEC.

I

UAY *

<lo
<lo

20
20

<lo

20
<lo
<lo
<lo
<lo

10
10

<lo
40

<lo

90
220
20

<lo
<10

20
<lo

10
<10
120

<lo

AUG. JAN . FEB. UAR. ~ APR. last 12 InOs<
z
>

60 u

20 ;
40 e

<lo s
<lo z

OCT.

330
60

120
20
20

90
60
60
60
40

80
20

][,0
150
70

290
130
90
80

110 10
10 10
10 Glo
10 =10
10

1

10

10 ‘=1O
,0 410
*1O QO
‘C4o GIo
<10 :G1O

G1O +10
+1o 20

20 10
<.10 <’1o
<do <.10

Lo 10
.Q1O

1

<.10
*1O .s10
k.lo .$10
&o .<10

&lo
<40

,<.10
,+1o

<-1o ‘<4o
-10 :40
<.10 20

elo <.10
.- . .
10 10

.=410
al o
G 10
-=10

Alaska, Palmer
Arizona, Phoenix
Arkansas, Little Rock
California, Sacrme”t
California, San Fran.

ND

ND

ND

NO

NO

ND
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND
ND

ND

ND
NO

ND

ND

ND

ND

ND

ND
ND

ND

ND

ND

ND

NLI

NO

ND
ND

NO
N21

NII
ND

ND

ND
ND

ND

NO

ND

ND

ND

ND

ND

ND

NO

ND

ND

ND

ND

ND
ND

ND

ND

NlJ

40
80

150
30
20

40
30
60
30
40

40
20

100
70
60

210
140
80
60

I
<10

10

20
10

Q o

10
10
0

10
20

<10
10

<10
.210

20

10
-+30
*O
410
<10

I ‘0
Colorado, Denver

Connecticut, Hartford

Delaware, Wilmington

Distr~ct of Colum\La

‘Florida, Tampa

20
20
20
10
10

20

<lo
40
30
20

80
.60

30
20
20.

20
30
40
20
80

I 30 <10

L

10 I*1O
10 +1 o

, 10 .s10

I ;<”O

10

‘ 30

[

10
30 10
20 Fao
30 ;<10
10

!

‘<lo

: 10 <-10
! 10 ‘<-30
<.10 <40
<.10 <.10

10 <.10

50 <.10
40 <.10
40 10
Lo ~ 10

20 <10

Georgia, Atlanta
Hawaii, Honolulu

Idaho, Idaho Palls
lllinois, Chicago
Indiana, Indianapolis

I
Iowa, Des Moines !ND
Ransas, Wichita ND
Kentucky, Louisville ND

Louisiana, New Orleans ND
Naine, Portland ~ND 120 30

Maryland, Baltimore ND

Massachusetts, Boston ND

Michigan, Detroit NO

Michigan, Gr. Rapids ND

Minnesota, Minneapolis ,No

( 70) , 70
I Jo

(130) 130 ! 40
(“110) 210 I 90
( 90) 90 I 60
(340) 340 I 150

ND

NO
ND

NO

ND

ND
ND

Nil

NV
ND

ND

ND

NO

ND

NO

—.—

+0

!
Mississippi, Jackson 4ND

Mississippi, Pascago”la\NO

Mxs~ouri, Kansas City /ND
Missouri, St. Louis i N[)

NorIt am, liclem :ND

150 90 ; 61J
200 100 50

<10
. .

+10

30
50
60
40

40

.
200(150) 150 : 190

180 160 100

(160) 160 110

q10 10 <10 30

20 20 <10 <lo

—.— —- -. -.— —

..:.. . ....-..... . ,,.... . ../:....,:;,
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... DEPARl?lE~ D? llEAkIli, EDUCATICU, AND WELPASK - PUSl,lC HEAL?u S.E&vICE
DIviciOO Of Sadlolosical ISealth --- Sadiatim Surveillant. cent..

— — -—.. ____



RADIATION STANDARDS, INCLUDING FALLOUT 145

—
DSPUDSSSI 0? USALIH, ~IIcN , MIDUSLPASS - PuSLIC UtALTS SSSVICE
Division of Badioloslcal IWalth --- Ssdiathn Surv*i llanca Ccntar

o

Q

i’
%

June July AUg Sept cxt No” Dec Jan Peb .%r APri 1 nay .,.;,e

1961.—. 1962
.—
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June July Aug S,pt Cct N.SJ the Jan Yeb - m:..% Ap:ii Nay June
,,
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DSPASmESR OF HEALTK, EDIXAIION , AHD WELFARE -- PUBLIC HEALTH S EIUIICE i
DiViSiM of Sadiolo~ical Health --- -diatica S.rvei llance Center

i
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_——... . ,.-
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Representative PRxc~. I understand -you are going to been one of
our panels, because you could have some of that, material ready to pre-
sent in an open hearing.

Dr. CHADWICK. I will be glad to do that, sir.
Chairman HoLmmL~. I would like to ask a,question.
Assuming that you would detect a level in range 111 of radio-

activityy in milk, say, in ,JuIv, August, or some other month, how many
months would you allow this to go before you exercised controls to
keep it from going above the annual R.PG ?

Dr. CHADWICK. That is a very difficult question, as I am sure you
are aware. It would have to depend upon two things. Three things,
really. What. had been happening in the immediate past: In other
words. was the~ a prolonged ~eriod of no detectable iodine as was
the situation last fall. SecondIV, what. would be the projections of
what was going to happen in the future. In other words, was the
situation one which appeared to be temporary. IXd it look as if this
was one intrusion and there was not going to be any more, or did it
look like a situation in which there would be more iodine.

Finally, it would depend upon what measures were available as
countermeasures. This is a subject thzt I plan to discuss in a little
more detnil in m<y-testimony on T]lursdzy. In other words, what are
t]?e kinds of c?eclslons involved in the situation w-here yoL~apply en-
vironmental controls vemns the situation where you have source con-
trol as your ma~or tool.

Chamman HOLIFInLD.Maybe my question could be phrased in a
diflerent way, then.

If at any time there did seem to be a definite burden of radiation
to the poi~t where it woL71dbe damaging to human beings, it would
be the policy of the Public Health Servlc2 to make this information
known to the public and to take such control measures as the law
allows.

Dr. CHADWICK. Yes. sir, it, wOlll& in ~ener%l. 1 think. though, if
one looks back at the concepts nnderlving radiation protection stand-
ards, M described in the Federal Radiation Council, it is pointed out
that anything yell do in terms of radiation protection standards. any
of the decisions involve some kind of balance between the risk from
the radiation thxt you are ~ttempting to control versus the impact of
the measures that you would have to take to control it.

SO I think the decision aS to what one woL1lfi do in 3 situation that
_YOUdescribe is not really ent,irely a health decision. Because the im-
pad of nn-y measures that might be taken inclnde not only health im-
pact but they include other factors.

SO I think the clecisioll that is made wollld have to reflect the bxlance
of all of these fnctors.

Chairman HOI,IFIEI,D. In Ot]ler words, the clecision wollld have to
be made at that time as to whether this was a burden tl~at yoR would
hfive to live with in relation to the zclvant:~ges that. you woL1ld obtnin
from the use of milk, or whether {lrast ic mensnres would be tnken to
prevent the ~lseOf milk.

Yotl would have to come to some type of 1 recommendation. I do
not see it would be within the power of the Public Health Service to
do anything but recommend.

Dr. CHADWICK. Yes, sir.
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Chairman HOLIFIRLD.In any event, you would make this informa-
tion known to the public?

Dr. CHADWICK. Yes, sir.
Chairman HOLIFIELD. And the area that it would affect first would

be the infants or the young children because of the need of calcium
for bone structure or the iodine uptake, and therefore, it might be
entirely feasible that children below a certain ~ge might be tem-
porary taken off milk and the older population could use the milk
without deleterious effects, relatively speaking ?

Dr. CHADWICK. Indeed, this is the suggestion that has been made
by the British Medical Research C’ouncil, that under certain condi-
tions in which expected annual accumulation of iodine 131 would
reach a certain level, the British Medical Research Council has recom-
mended that infants in this age group be placed on some kind of
canned or powdered milk.

Chairman HOLIFIELD. There was one incident at Windscale in Eng-
land where they had the react or excursion accident in which the
pasturage was contaminated to the point where they absolutely took
everyone off milk for a time period, is that, not true?

Dr. CHADWICK. Yes. They actually dumped milk and disposed of
it.

Chairman HOLIFIELD. {Jntil the radiation went clown?
Dr. CHADWICK. Of course, it is quite clear that that milk could

have been held. In other words, it could have been put into some kind
of processing such that radioiodine would have decayed out of the
milk.

I think they simply went to great lengths to take effective and com-
plete action in the situation.

Chairman HOL~IELD. They exercised supercautio% you might say f
Dr. CHADWICK. 1 think you are quite right.
Mr. RAMEY. How does your ran~ III for iodine 131 for the general

population compare V Is there any comparable figure for employees
in the radiation industry as a maximum permissible intake?

Dr. CHADWICK. There are really, three factors that would make the
amount that one would permit radiation workers to take, ~greater than
the general population.

First of all, there is the fact that the limitation of the intake of
radioiodine is based upon the concentration of the radioiodine in the
very small infant>s thyroicl, which is a factor of 10 below the size of
the adult thyroicl. So, @wn the same given intake, the infant would
receive 10 times the close simply because of the fact that the energy
would be released in a gland of one-tenth the size.

Secondly, the general population is restricted to a lower valne than
radiation workers. In general, this has bee;] a factor of t]le order of
10. Finally, there is an additional factor here in the case of radio-
iodine. The thyroid glancl in adults has been shown to be a relatively
radioresist.ant organ.

In the case of children, tl~e eviflel}ce }ronl(i sllggest tl~at tl~e tl~vroifl
is not a relatively radioresistallt OIWII. Tl):lt is il sort of dout)le neg:]-
t ive there. In other words, there is not tl~ilt fart or of radioresistallce
in the thyroid of the infant or (ol~ilclas co]llwlrerl to the adult.

So whereas the thyroid gland ill radiation protection St:llldilrdS for
radiation workers is pern~ittecl a greater (low than the general run of
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other organs in tile body—actunl!y, by n factor of 2--this factor is
Ilot permitted in the case of a ehlld because the child’s thyroid does
not have this radioresistance. At least the evidence would suggest
that. it does not.

Mr. R~MEY. This factor of 10 applies in a grwt deal of your
radionuc.lides and other radioactive hazards. Where you begin to
i~ppro~~h nearer to where -yol~might have damage ns zigainst a sort of
danger signal used by -your general popultLtion maximum permissible $....,;.,.,,$(,:}:,:(:!(,/,(,;,),(,~,{<s,,’~$,~,

;ii::!;!i~!{:{x':"J!:\~\!!!s:::'':;'t::!t:\!:th~!v$t~;~@\::!i!'!::!~iN
dose or level in your rwliat ion guides.

Dr. ~HADWICK. We lmve accounted here for two factors of 10 and

,. ... ,
.,., .,.

then an additional factor of the order of Z?.

Representative PRICE. Are there any further questions ?
If not, the committee will ticess until 2 o’clock this afternoon.
The first witness will be Dr. Wright, Langham.
Dr. Chadwick, the committee appreciates your fine presentation and

the valuable information which yon have supplied for this hearing.
Dr. CHADWICK. Thank you, sir.
(Whereupon, at 12:20 p.m., the subcommittee recessed, to recon- .,,, ,,i ;:Jl~k4fiw,yi~i~fi,kY:V,fi;,-. .V: .;+ ,,;,f=,>:.; *.- ${i!,f~$.,:.~,+.+.:!,>

~“eneat 2 p.m., the szme day. )
. . ..

.~FITRNOON SEFFSIOh”

Representative PRICE. The committee will be in order.
This is n continuation of hearings on radiation standards including

fallout. The committee will finish hearing witnesses on worldwide
fallout since 1959 and then hear the panel discussion on predictions.

The first witness this afternoon will be Dr. llTright H. I.anghnm of
the Los Alarnos scientific I.aboratory. Dr. Langham.

STATEMENT OF WRIGHT H. LANGHAM,’ LOS ALAMOS SCIENTIFIC
LABORATORY

Dr. L-WGHAM. Mr. Chairman, members of the subcommittee, I
have submitted tN-Odoclunents to Mr. hfc.41pine regarding the test i-
mony that, I will present. orally and briefly. Those two documents
LLrea full statement of my test lmony, and a lwcent pnper published
by Dr. (kstafson of the .%rgonne National Laboratory, dealing with
tl]e subject of short-range fallout from the 1!)61 tests of the IT.S.S.R.

The last two subcommittee hearings cm t]~is particular sub-

ject have produced volumes of information regarding the details
of the method of fallout, the probable effects of fallout, c1an
tile various factors and ramiticatiol]s that e])ter into this rather conl-
plex subject. .it present nothing can be added to the basic concepts.

1Dr. Wright H. Langhxm has, been associated with the atomic energy developmental
program fnr over 1,S years. Tbe first 2 years were spent at the metallurgical laboratnr.r’
of the Unirersit.v of Chicago and at 1AM ,\lamow developing micromethods for the analysis
of trnw, imparities in platnnium,

In lnte 1944, his interests werr. turned to problems of toxicn]ogy, biophysics. and
r:ldiobiolo~.r. He hecnme the grmup lender of the Biomedical Research Group of the
T.ox Alamos Scientific I.abnrntory in 1946 and still holds th~t position. His major interests
have hevn in the fields of physiology ;I”d toxicolo~y nf plutonium. tritium, rind other
rndionctive mntertals : effects of massive doses of radiation on animals ; relatjve hjoln@cal
effectiveness nf radiations of different types and different ener~ies ; potential hazards of
-worldwide r;idkmctive fullnut from nuclear weapon tests ; use of radioisotopes in biolog>
and mwlicine : anri rndintion problems nssocintc.d with SP:ICPconqa est..

HP is n member of the Intw-nat~rm;tl Subrommittw. on Internal Hazards of Radiation :
the Nntionl] Committee for Rndiation Protection ; t}, e pit~tionn] Amtdemy of Seienres-
Nntion:il Rwenrch Collucil Study Grotlp on I{ndiation problems of the NASA Apollo
Program. the R,idIatinn Research Society, HPi~lth Physics Srwiet~, and the Feder&tion of
Ampriciln Societies for Ex~erimental Biology.
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Representative PRTCE.Without objection, your stxternent will be
carried in full, and the document you mentioned will be carried in
the record.

Dr. LANGHAM. Thank you.
(The documents referred to follow:)

GAMMA RAY DOSE FROM SHORT-LIVED&TEpQ PRODUCTS FI?OM NUOLEAR-WFAPON

Philip F. Gustafson, Dhision of Biological and Medical Research, Argonne A’a-
tional Laboratory, Argonne, 111.

The y-ray dose from short-lived fission products deposited on the gruund may
constitute the major source of whole-body radiation during the testing of nu-
clear weapons in the atmosphere and for some months thereafter. The magni-
tude of this dose relative to that from ground-deposited Csw depends critically’
upon the time that it takes nuclear debris to travel from the site of detonation
to the point of deposition. The transport time in turn is dependent upon the
size of the detonation, the altitude and latitude at whi. ”~ it occurs, and the time
of year of ita injection into the atmosphere.

Nuclear debris from a small (kiloton range) surface burst is confined within
the troposphere and hence is completely deposited within a few months. As a
result the amount of short-lived radioactivity relative to that from Csw is
large, although the absolute magnitude of the concentration is small. In the
case of a high-altitude burst (30 kilometers or higher), regardless of size, many
months and even years may elapse before an appreciable fraction of the debris
reaches the ground. The decay of much of the short-lived component before
deposition leads to a lower dose relative to CS’3’. There is also a latitude effect,
in that debris injected into the low polar stratosphere (a portion also being
present initially in the adjacent troposphere) will be deposited somewhat more
rapidly than that from an equivalent injection into the low equatorial
stratosphere.

The rate of removal of nuclear debris from the stratosphere is not constant,
but undergoes seasonal variations, hdng greatest during the spring months
in the hemisphere in question and least during the autumn and winter. The

w for exa]llple, in surface aircorresponding variation in the concentration of Cs ,
is illustrated in figure 1, The repetitive cycle of maximums and minimums is
of meteorological origin as shown by its occurrence during 10W to 1961 in the
absence of nuclear testing. This phenomenon is believed to result from the
subsidence of the nirmass over the winter pole with a subsequent influx Of
stratospheric debris jnto the lower atmosphere during the spring. The strong
influence of the polar stratosphere explains in large part the more rapid removal
of debris injected in polar regions. The variation in removal rate from one
month to the next does not preclude a reasonably constant annual removal rate.
A measure of the annual removal rate or mean stratospheric residence time
may be obtained by comparing successive maximums or minimums as shown
in figure 1.

Three nuclear test situations will be considered regarding the gamma ras’
dose due to short-lived fission products : ( 1 ) Injection into the low polar stra-
tosphere, (2) injection into the low equatorial stratosphere, (3) high-altitude
detonation or injection. Small detonations. whose debris is contained within
the troposphere, will not be considered because of the relatively small amount
of radioactivity produced therein.

‘The following radionnclides have been r{}nsi(lere{l in (tm)mltinc the y-dose
from fission products on the ground : ZrW-Nbw, Ru’w. RII’W, Cc’”, @“-Pr’”,
Ba’40-La’40, and CS’7’. I’” has been onlitted Iwcause of its short half-life. Sb’=
becomes of some relative importance 2 years after a test: however, the ii~-
curacy of measurement of this noclide in soil has not been sufficient to warrant
its consideration at this time. The concentration of the various nnclides in
soil has been determined bay means of ~ramnm ray spectrometr.v of soil cores.
Monthly increments in deposition ha~e been determine(l in part by direct
anal. vsis of soil and in part hy analyses of precipitation and air samples.

:>
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Allsamplngreferred to herein wascondu@datt he ArgonneNat ionalLab era-
tory site; hence the dose values derived from these data pertain rigorously only
to this location. Due to the similarity in deposition observed at other sites having
comparable precipitation and located nearby in lattude, the dose values may
be presumed to have considerably wider applicability.

As illustrations of the three test situations, Hardtack I (April-July 19..)
was chosen for the low equatorial stratospheric injection case, Soviet October
1958 for low polar stratospheric injection, and the Orange and Teak shots
( *1OWOO feet over Johnston Island in August 1958) for the high-altitude case.
The choice of these series and shots is not arbitrary, since the production of
W’a, * in Hardtack I and Rh’W in the Orange shot provided tracers for these
events. Activity ratios between appropriate nuclides have been used to deter-
mine the Soviet potilon of the remaining debris.

Mollifications of Dunning’s method for obtaining the infinite plane dose from
surface depoation were used to calculate the air gamma ray dose rate. The
modifications take into acmmnt the actual distribution in depth, determined
experimental] y, of each of the va rions fission products in soil. The attenuation
and dose buildup factors based upon the vertical clistril.mtionin soil are included
in the dose equationswhich are given in appendlx 1 for each isotope. in essence,
the dose rate so calculated is no longer the usual infinite plane dose, but k
analogous to that obtained by applying corrections for weathering and terrain
roughness to the infinite plane values. Further reduction in the actual dose to
m individual may arise due to shielding by ~wellings and other structures.
Shielding factors currently in use range from ().2 to 0.7 times the open field
dose.

During late 1956and throughout 1959,soil measurementsat Argonne indicated
the deposition of 40 millicuriea per square mile’ of C#’ arising from the Soviet
October 1958tests. Furthermore it was shown from concurrent air and precipi-
tation studiesthat almost all of the Soviet debris came down within 1 year after
the series ended. Assuming that this quantity of Cs’m came from 12.5 megaton
of fission,3.2 millicuries per square mile2of Cs’w was produced per megaton of
fission and was deposited within 1 year. The open-field dose from this demsi-
‘tionduring the first year amountedto approximately0.1milliroentgen. The dose
from short-lived nuclides during this interval was 3.83 milliroentgen as shown
in table 1. The corresponding integral doses for 30-year (genetic dose) and
70-year (lifetime dose) intervals are also shown in table I. The mean strato-
spheric residence time of this debris was 8 to 10 months as derived from C@’
concentration in surface air according to the method illustrated in tigure 1. The
ratio of short-lived fiwion product dose to tkt from C& for 30- and 70-year
intervals has been calculated as a function of mean stratospheric residence time
and is shown in graphical form in figure 2. The ratio of dose from short-lived
emitters to that from Cs’m for the Soviet October 1958 tests is shown in tabular
form in table II for the 30- and 70-year intervals. The mean residence time
corresponding to these values as obtained from figure 2 is indicated in
parentheses.

For Hardtack I, the assumption has been made that 1.6 millicuries per square
miles of Cdw per megaton of fission will be deposited at Argonne instead of 3.2
millicuries pe~ squa~e milez per megaton as t-he debris is ~)resumed to divide
equally between Northern and Southern Hemispheres. In addition the longer
mean stratospheric residence time deduced from the W’sl data (15 ~0 18 months)
means that 1.6 millicuries ~wr square mile’ per megaton will be an upper limit
for CS’n, because a portion of the nuelide will decsy before reaching the ground.
Approximate} half of the total Hardtack Cs’m reached the gronm.1 during the
tirst year after the series, hence the dose from this nuclide pertaining to the
deposition of 0.8 nlillicuries per sfluare mile’ in 1 year has been mmpnted ( t:~ble
I). The corresponding dose from short-lired tission prodlwts JVUS obtainw?
using ‘the dose ratio follnd Ilpon computing the various dose (wntribntions frtJnl

t]]? { )bserve(l deposition of Hardtack debris. The 30- and 70-year integral doses
for Cs”” and short-lived components are also indicated in tilble [. The dose rati(w
:Ire indi~>lte{l in table II with ~>orre,spOndillg v,llue.s of li)eil Il residem.e tilne :IS
derived from figure 2 shown in parentheses as before. The reasounbly goml
amw?n)ent between obseryed nkenn stratospheric rmiden(.e tinle and thf~se founll
f roul tignre 2 is soulewh:lt sur~rising l~hen one realizes that :1 ttjnst:lnt rate of
[lelwsition is implirit in the data plotted in ti&WW ~.

Sli!$j:: ()-–<(i2-.-pt. 1– – 11
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Experimental data on the third case-namely, that from Orange and Teak—
are somewhat sparse. The most striking feature is that debris from this source,
as indicated by Rh’~, did not appear in detectable quantity at ground level until
a year after detonation (in September 1959 Rh’W was first noted in surface air
at Argonne). Hence there is no dose contribution during the first year, and the
dose from short-lived fission products is severely reduced due to decay. Again
an equal partition between hemispheres was assumed. The 30- and 7&year
integral doses computed for these shots are shown in table I, and dose ratios
are indicated in table II.

The ratio of short-lived dose to CS* dose as well as the assumed deposition
of Cs’= -m terms of millicuries per square mile per megaton may be used to
evaluate the possible radiological implications of the Soviet 1961 polar tests
and those being conducted by the United States in the equatorial Pacitlc.

Only for the Soviet 1961 tests are sufficient data tivailable to compare with
the situation observed in 19.5S-59. The simplest approach is to assume a direct
correspondence between events in 195M, ,and those occurring, and to occur,
in 1961-62. This is not a bad first approximation, siuce both, series were con-
ducted north of the Arctic Circle during the autumn. On two occasions in 1961,
however, very large detonations were involved, 25 megatons in one case and
57 megatons in the other, which resulted in sizable portions of the debris being
carried initially to greater altitude than was the ease in 195S. Proceeding with
a direct comparison, and taking the figure of 25 megatons as the fission yield
of the 1961 series, one arrives at the dose from Cs’m and from short-lived activity
as indicated in table III. As of mid-May 1962 the integral dose from September
1961 from Soviet debris, including CS1”, as measured at Argonne is less than
50 percent of that observed during the corresponding period in 195S-59 due to
Soviet tests. The difference in deposition is perhaps illustrated more clearly
by comparing monthly deposition of Cs’8’ as shown in table IV, where the pres-
ent values are roughly one-half those attributed to 12.5 megatons in 195S-59.

The most ready explanation for this difference is that an appreciable frac-
tion of the total yield is being held at high altitude or otherwise has not yet
been deposited. That holdup at high altitude is occurring was shown by a series
of balloon flights made during early April 1962 at Thule, Greenland, by a team
composed of Argoune and Weather Bureau personnel in which a gamma ray spec-
trometer was flown to altitudes of 100,OOO feet. The results show considerable
debris above 7.5,000 feet, with the maximum concentration between 60,000 and
70,000 feet. Thus the behavior of a portion at least of the Soviet 1961 activity
may more closely resemble that from a high-altitude detonation than from an
injection into the low polar stratosphere. The rate of deposition should then
be slower, and the total dose will be reduced below that tabulated in table III.

In summary, the dose from short-li}-ed fission products relative to that from
CS’37 is greatest in the case of polar, low stratospheric injection. The deposi-
tion of Cs’” per megaton of fission is also greatest in this case. The dose from
short-lived nuclides is somewhat less, relative to the Cs’m dose, in the case of
equatorial low stratospheric injection; the Cs’%’ deposition per square mile per
megaton of fission is also less (by a factor of 2), but is more widespread. High-
altitude detonations—presumably independent of latitude--result in an appre
ciable reduction in the dose from short-lived emitters, the bulk of which may
not survive the fairly long residence in the stratosphere. In addition decay of
longer-lived components may also become appreciable, and likewise result in
.a reduced dose per nle~at on of tissiou. (This work was performed under the
auspices of the U.S. Atomic Energy Commission. )
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TABLE I.—Integral gamma rag d08e for 1-, 30-, and 70-~ear intervals

[In millimentgens]

Gsmma ray dose per megaton of fission

Time interwd Soviet, October 1%5S I HrudtaakI I Orunge and Teak

c#J7 Short-lived c~ll? 8h~t;Uivyed c~l$~ Short-lived
Sctivity Sctivity

Oto 1 yew-------------------- 3. S2 0.025 0.62
2°4

0 0
0t036yesrs ------------------ 4. so L 24 .52 .06
0 h 70 ye------------------- 3.22 4. Su 1:z 1.24 .s0 .06

TABLE 11.—Ratio of gamma ray do8e from short-lived fi8sion product8 to that
from G8’m

Testseries
Time interval

Soviet,0ctoherNJ5S I HardtaclcI I Omngesnd’1’eak

Oto 30years------------------------ 2.31
0to 70years. . . . . . . . . . . . . . . . . . . . . . . . 1.49)Sto 10~onths...l:&} 15t0~monthsh1~# }7}7 to L5ye*rs.

TABLE 111.—1nte@ral gamma rag dose for 1-. SO-, and 70-vear interva18 from 25
megatww of fi;8ion -from flou~et 196i te8ti a88’uming $~me deposition ‘pattern
a8 im 1958>59

[In millimentgens]

(+mma my doss

Time interval
Csl$l Short-lived Natural

activity radiation

Oto 1ye8r. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.5 90.0 lIM
Oto 30 yem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52.0 120.0 3, 06a
Oto 70 yearn. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . so. 5 120.0 7, Cnlo

TABLE IV.-Gumulative ground depo8itio’n of C8’=

[Millicuries psr squsrc mile]

Month Soviet OctO-
ber 195s, CSI17

Month I s0vp#61

195S-OctOber . . . . . . . . ..-- . . . . ..-. -----
Novembs-- . . . . . . . . . . . . . . . . . . . .
Demmber . . . . . . . ..-- . . . . . . . . . . .

1959-J8nusry . . . . . . . . . . . . . . . . . . . . . . . .
February . . . . . . . . . . . . . . . . . . . . . . .
March . . . . . . . . . . . . . . . . . . . . . . . . . .
April . . . . . . . . . . . . . . . . -----------
May. . . . . . . . . . . ----- . .. ---- . . . . .

0.09
.50

1:E
4.41

12.70
26.97
3s.35

lB61-Sept8mber -------------------- 0.10
October....................... .ZI
Novembs . . . . . . . . ..- . . . ..--.. .50
December . . . ..-.. .-.. .- . . ----- 1.5.3

1962-Janunry . . . . . ------------------ 2.00
February . . . . . . . . . . . . . . . . . . . . . 3. EO
.Merch. . . . . . . . . . . . . . . . . . . . . . . . 8.06
April . . . . . . . . . . . . . . . . . . . . . . . . . . 10.11
May (to May 15). -- . . . . . . . . . . 14.51

APPENDIX 1.—Fact,or8 U8ed to co?n@ate air do8e in pr/hour from depo8itwn of
radioaetivitg exp?_e88ed in mc/mi2

180t0~C Factor @/hour/mc/mi2)
c~l.37 3. 4X 10-3
Zr95. . . . . . . . . . . ..-_ . . .._ 4. 0X10-3
Nb9s ____________________ 4. 2X10-S
RU103 2. 75X 10-3

Ru]Od-------------------- 1.3x I0–3

180t0gx Factor @/hour/mc/m:T
Ce’4’ -------------------- 0. 35X10-3
ce144 — pr144 . . . . . . . . . . . ..- 0. 17 X1 O-3
Ba’~O. .-_. . . . . . . . . . . . . . . . 1. 0X10-3
Lal’O. . . . . . . . . . . . . . . . . . . . 16. 0X10-3
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RADIATION EXPOSURE TO PEOPLE FROM NUCLSAR WEAPON TESTS THROUGH 1861

By W. H. Langham and E. C. Anderwm, Los Alanms Scientific Laboratory,
University of California, Los Alamos, N. Mex.

INTRODUCWIO N

Past.subcommittee hearings (1957, 1%9) on the subject of radioactive fallout
frem nuclear weapon testinghave produml voluminous reimri% (1, 2) covering
all aspects of fallout phenomena, exposure of the population, and possible
bkdogical eifects. Little can be added at the present time to the basic concepts

,,.,,, ,,, .,,... ,. ,;,.\:\i;,:..,:::::::~:::.;:,.(,~:::.,;,.;:::: :.’,:~,,w::;:!:;: .,,,,,, :::::~::!:~,,(;:[ ~.:::::::!:,:::,?:::,{!,
set forth in the previous hearings. Collection of additional data during the

,,,.,.
.,, :, ~

test moratorium from November 1%8 to September 1961, however, has afforded
basis for more quantitative definition of some of the physical and ~lological
parameters. Better quantitative definition of the following parameters has
resulted in refinement and improved accuracy of average population exposure
estimates: (a) Fallout rate and integral surface deposition level as a function
of point of stratospheric in@ction; ( b ) dependence of dietary level on differen-
tial and integral fallout; and (c) dietary and metabolic factors. More refined
estimates of population expoeure from various components of fallout have been
made by a number of investigators and agencies, notably Dunning (3), Kulp
and Schulert (4), Guslnfson (5, 6), Anderson et al. (7), public H~lth S@rvim
(8), D@f ense Atomic Support Agency (9, 10), the Federal Radiation Council
(11), the UnitedNations (12), and the Prediction Panel of the present hearings

~“, “1:i{p$t:y;; +$W:$:t!:,,,;.,,.,;. .,>,,.;.;.,..,;,. .... . .... ..;::~!~(::;::.>:~.<,::(:,:.,,:,l,.,) :+?:+$w~ :’!
(13).

b\.Wtf+t.... .

Since the 1959 hearings, one additional factor has influenced the estimation
of exp~ure of people from fallout: i.e., the resumption of tests by both the
U.S.S.R. and the United States. The purpose of this rather brief presentation
is not to present details of the refined dose calculations but rather to sum-
marize the present estimates of population exposure level from long-range
fallout, taking into consideration the 1961 U.S.S.R. test series and the addi-
tional quantitative data collected since the previous hearings.

COMPONE??TS OF FALWUT EXPOSURE

Radiation exposure from long-range fallout (independent of local fallout
which is of primary concern in event of war) is composed of several components,
each of which will be discussed briefly prior to summarizing the population
dose contributed by each. Depending on the component, exposure may be either
internal (i.e., from radionuelides taken into the body through food chains)
or external (from deposition of gamma-emitting isotopes in the environment),

~~.\2>:\

or both. As pointed out in previous hearings, the relative contribution of
each component to the integral dose is dependent on a variety of factors, in-
cluding radiological half-life of particular radioisotopes, biological uptake and
turno~er rates, fallout, rate of each injection, and in some cases even on the

age of the individual exposed. These and other factors produce such degrees
of complication that any detailed review of their significance in the dose esti-
mations is impractical for the purpose of these hearings.

Strontium S9 and stronti14m 90
Because of the chemical similarity of strontium and calcium, isotopes of the

former element are taken into the body and deposited in the skeleton. Since
both Sr” and Sr90 emit beta particles only. they produw no genetic hazard,
and their somatic hazard is confined entirely to the bone and bone marrow.
.4nimal experiments ha~e proved unequivwally that enough Sr*’ and SP depos-
ited in the skeleton will produce bone cancer and other skeletal pathology.
The amounts of these isotopes required to produce bone disease in man are
not detiuitely known, Berause of the short half-life of SF’S (51 days), it con-
tributes to the bone dose only during the first year of fallout and cloes not
accumulate in the ecological c~cle. Strontium 90, with its 28-year radiological
half-life and its 30-year biological turuoyer time, mu integrate in the soil and
in the bone and contribute significantly to skeletal radiation througboot OUe’S
entire life. For this reason, it is a nlnjor conlponent of fallout ex~msure. Be-
cause the rate of growth of the SkekXOIl is dependent on age (up to 20 years),
the prweut coucentra tion of Sr“” in the booes of the p(>pll]:ltioll is like}vise
dependent on age. The quantitative espla]mtion of the :~ge-delwldence of Srw
conrentratiou was gi~en by Langham and Anderson ( 14) and has since been
refined and I)royed exl)erimentally by K7111) N al. (4, 15, 16, 17, 1X). The age
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factor complicates derivation and interpretation of exposure values. Any spe-
cific set of values does not necessarily represent actual risk to the present pop-
ulation, because the population is composed of all ages and is continuously
changing in relation to the selected time interval.

Concentration of W“ in the skeletal calcium is also depeu{hmt on its con-
centration h the calcium of the diet. Comar (19) has estimated that the con-
centration in skeletal calcium laid down in the first year of life is about one=half
that in the diet. The average Sr”” concentration in bone calcium laid down
after the first year or so of life is only 0.25 of that in the calcium of the diet.
The SrW concentration in dietary calcium is depmdent on its absorption by
the leaves of plants (and, therefore, on fallout rate) and on root uptake from ,,, ,,, ,,, ..,,,,.{...,,. .,.,,.,::,::,:,:.,,,, .:.,,,,,~, ‘,..,,> ~:+:.:,~..,~,,:.;::::(::,: ::.:,,:,?:,<::>:$:,:.:(,,;,,;;::: (f.t:f:}:(:.::::::::::,, ,,::::’:wi~,,.+,i,.,,:’:,. ,, ,, -:$
the soil (dependent on integral surface deposition level). The most important

.,,><.,),,,,, .,

factor in SP dmseevaluation established since the 1959 hearings is the quantita-
tive dependence of dietary Sr’” concentration on fallout rate and integral surface

.,. .,.,,,..,,,

deposition level. The concentration of SrW in pc/g of dietary calcium ( ~d )
is given by the expression

Q,=0.6A-I-0,15B,

in which A is the annual rate of Srm deposition in millicnries per square mile
per year, and B is the cumulated deposition in millicuriea per square mile.

Introduction of this refinement into exposure calculations is largely responsible
for the fact that the present estimates of population exposure dose from SrW
are no greater than the estimates given at the 1959 hearings, even though an
additional 25 megatons of tission was added to the environment during the

,,, ~:..~.,.,..,.,,.,.,,.- ,. ..:,.,,j;$&@~f$pj.,.,.,:,~#$*)b; :,.I<;f;!:;;~k~*~~&$i$~t\,ff~h*a*ti:,,ti,..,:!,. .,,.;,.&.

U.S.S.R. 1961 tests.
. . . ..

Another observation since the 1959 bearings which tends to mitigate average
SrW population exposure estimates is worthy of mention. It now appears that
the accumulated Srw soil deposit may be undergoing leaching and/or weathering,
decreasing its availability to plant roots at a rate of about 5 percent per year.
This observation is highly significant in that it means that the B term in the
previous expression for dietary Sr”’ is decreasing at a rate of 7.5 percent per
year instead of 2.5 percent per year from radioactive decay alone. In other
words, the surface deposition component of SrW dose is decreasing with a half
time of about 9 years instead of 28. However, because this factor is not
sufficiently established qnantitati~ely, it will not be introduced into the present
exposure dose estimations.

Cesiurn 137

Cesium 137 has a long radiological half-life (2S years), providing a long inte-
gration time in the soil, it emits both beta and gamma rays, and creates both a
potential estermd and an internal hazard, both s(>matically and genetically.

Internally deposited cesium.—Cesium is chemically very similar to potassium.
a required constituent in plants and animals. Cesium 137, therefore, tends to
follow potassium wologically and metabolically as SrW follows calcium. In the
body, Cs’w tends to de~it in muscle where it has a retention half time of ahout
140 days, very short compared to that of Sr’O. This short biological turnover
time results in rather rapid establishment of equilibrium between body Cs’m
and (3s’= “m the diet with no signitirant dependence on age. Since Cd= emits
gamma rays and the gonads are surrounded by muscle, it creates a potential
genetic hazard. Penetration of bone by gamma rays and deposition of small
amounts of Cslm “m bone result also in a potential somatic hazard to the bone
and bone marrow.

Since the 1959 hearings, data from an extensive and intensive 6-year study of
Cs’w le~els in the U.S. diet and in the population have btwn summarized (7).
Two significant conclusions ~vere drawn from these data: (u) The Cs’n levels
in the U.S. diet and in the population are predominantly dependent on fallout
rate and consequently on the rate of weapons testing and not on the integral
surface deposition level, and { fI) the population average genetic, bone, and bone
marrow exposure doses from weapon tests through 1901 are a factor of 2 to 3
lower than predicted at the 1959 hearings, ~ven though the U.S.S.R, has since

‘injected an estimated 2,5 megatons of fission into the environment.
Eatcrnat cesium 137 dcpf~sifiott.—~~allse of its gamma ray emission, Cs’n

depmsited in the en~ironment produces external exposure of the gonads, bone.
and bone marrow. Such exposure is del)endent on the integral surface df.~)sition
level and is calculated from the infinite piane dose at 3 feet above the surface,
mitigated by a variety of ill-detined factors, inclu(ling surface removal ( leaching,
weathering, or runoff), shielding (by terrain, buildings, and I)ortions of the bodY
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itself), and a2.5 percent per year radiological decay rate. Theeamefactors also
enter into the estimation of external gamma exposure from fallout of short-
lived fission products. Assignment of numerical values to the above modifying
factors can be done only on the basis of very broad and highly uncertain as-
sumptions. Since the last hearings, however, there is considerably more agre~
ment as to the assumed valnes. Some authorities now accept the following fac-
tors: Terrain shielding, 0.8; structural shielding, 0.5; body absorption, 0.7; and
loss by weathering, 0.7; making an overall mitigating factor of xO.2 when con-
verting plane dose to population exposure dose. Gustafson (6) has estimated
that the effeetive external air dose from deposited Cs’m in 0.03 milliroentgens
per year per millicurie per square mile. This is the infinite plane dose, cor-
rected for weathering and terrain but not for body absorption and shielding
by buildings. His values both for Cs’n and short-lived fission products, multi-
plied by an additional factor of 0.35 (0.7x0.5) to give population exposure dose,
are used in the present report.

Eivternal 8hort-lived J188ion product8

Surface deposition of relatively short-lived gamma-emitting fission products
constitutes another component of population exposure from fallout. A list of
the principal isotopes with their respective radiological half-lives is given in
table 1. Because these isotopes emit penetrating gamma rays, they produce
wholebody exposure and constitute both a potential genetic and a somatic
hazard. Present knowledge of this particular component of fallout exposure is
considerably greater than during the 1959 hearings, largely through the efforts
of Gnstafson, Marten, Machta, and others. Estimation of population exposure
from short-lived fission products is essentially the same as for external CS1S7.
All of the assumed mitigating factors (leaching, weathering, shielding, etc. )
apply. One additional factor is highly important. Because of the relatively
short half-lives of the principal isotopes, the population exposnre dose is criti-
cally dependent on the time it takes the nnclear debris to travel from the site
of detonation to the point of deposition. For this reason, the exposure dose
varies widely depending on whether injection is into the low polar stratosphere,
the low equatorial stratosphere, or at high altitude. Quantitative treatment of
the differences produced by these different methods of injection is given in
Gustafson’s most recent report (6), which is being inserted into the record of
the present hearings.

TABLE l.—Sig)l ificant short-lived gamma-emitting i80tope8 in fallout

Inotope
Zirconium $)5-------------------- 65

Niobium O,J______________________ =

Rutheninm 103__________________ 40

Ruthenium 106------------------ 369

Carbon 14
Capture of escaping bomb neutrons

180t0pe
Cerium 141______________________ 33
Cerium 144/praseodymium 144----- 285
Barium 140/lanthanum 140------- 14

in atmospheric nitrogen rmoduces C“,
which emits weak beta rays and has a radiolo~ical half-lif-e of- 5,700 years:
Carbon, however, is the basic element of all living matter, and the C“ is taken
into the body through the biological cycle and equally rlepmsited throughout,
resulting in whole-body radiation and both a potential genetic and a somatic
hazard. About 2 X 10= atoms of C” are produced per megaton of total weapon
yield ; however, about 95 percent of that produced becomes unavailable to the
biosphere through diffusion into the ocean reservoir with a half-time rather
uncertainly estimated as -20 years. Most of the population dose is delivered
prior to establishment of equilibrium with the {mean reservoir and consequently
to the first generation after a weapon test. The 5 percent remaining in hio-
spheric equilibrium can, how’ever, continue to contribute to the population
exposure for a mean time of about 8,000 years. This has caused some (wncern
over geneti(. e(jnsequenc, es. The integrated genetic (lose fibould, I]owever, be
compared with the average natural backgronu{l dose iute~ rated over the same
lwriod of time. In these considerations, (Jtlly 1he integral dose prior t{) est:lblish-
ment of equilibrium is considered.

.,, . ,.

,<,



RADIATION STANDARDS, INCLUDING FALLOUT 163

Iodine 131
Since the 1957 fallout hearings, I’n has become increasingly recognized as a

rather significant component of population exposure from fallout. Lewis (20),
in the 1959 hearings, called attention to the potential hazard to children of the
I’n component of fallout exposure. Although I’n has a radiological half-life of
only 8 days, it finds its way readily into milk and from milk into the human
body, where it concentrates almost exclusively in the thyroid gland. Because of
the short half-life, radiation exposnre occurs only during tests and for short
periods thereafter, and the concentration in the thyroid is critically dependent
on the time it takes to travel from point of detonation to site of deposition.
Rapid localization in the small thyroid gland (-2 grams in the infant to z18
grams in the adult), however, can result in rather high radiation doses. The
fact that the infant with its very small thyroid consumes largely a milk diet
makes exposure of the infant population a potential problem. Since the 1957
hearings, considerable data have been colleeted on the concentration of I’a in
the thyroids of the population in relation to frequency and location of nuclear
weapon detonations. The milk surveillance program of the Public Health
Service has contributed materially to present knowledge of this component of
population exposure. Their evaluation of the problem (8) is presented as a
part of the program of the present hearings.

POPULATION ExPOSURE FROM FALLOUT

Estimatesof U.S. population70-yearexposures contributed by the various com-
ponents of fallout from all tests prior to the moratorium (November 1958) and
from the U.S.S.R. 1961 series are shown in table 2. These values were chosen
from various references or derived from various concepts which, to the authors,
seemed reasonable. R’o strong argument can be made that these estimates are
more accurate than similar ones made by others. The following qualifying
statements are necessary before trying to draw any general conclusions from the
estimates: (a) Theestirnate sareaverages for that age group receiving the nlaxi-
mum 70-year integral exposure (usually the O- to 2-year age group) ; (b) the
averages apply generally to the U.S. population in the 30 to 60-inch rainfall
region and perhaps generally to north temperate population belt; (c) estimates
for the 1961 LT.S.S.R. tests are based on the very uncertain assumptions that
25 megatons of fission were injected into the stratosphere and that it was
deposited inexactly thesame nlanner astheir1958 tests. This latter assumption
isnotbeing borne out byrwent experimental obser~7ations (6). For this reason,
estimates of the U.S.S.R, 1961 contribution to population exposure, especially
with regard to external dose from short-lived fission products, may be too high.

TABLZ 2.—Maxinvized contributio>~ of tl~e xarious component8 of fallout to the
U.S. average ~()-~lt’ar population d08e*

Due to all
Component tests prior to

moratorium
(mrad)

External (whole body):
Short-lived fission products... . . . . . . . . . . . . . .
Cesium 137..... . . . . . . . . . . . . .

Internal (whole body):
Cesium 137...__ . . . . . . . . . . . . . . . . . . . . .
Carbon 14.. . . . . . . . . . . .

Skeietal deposition (structural bone):
Strontium W...._.. . . . . . . . . . . . .
Strontium 89. _._ . . . . . . . . . . . . . . . .

Iodine 131 (thyroid) ._.. ._ .

1 57
1 46

Due to
U.S.S.R.
1961tests
(mrad)

142
128

$6
38

4m0
36

0140

Total
(mrad)

m
74

17
19

450
14

3’t&540

1 From rhbtaof (lw+tiifson (6), “sjngbuilding shielding factor of0,5 and hody shielding fWtotofO.7.
2From Andersonet a]. (i).
s Estimatcci from factors proposed by Predi?tim Panel, these hearings.
4 Authors’ cstimatm, ba-qx ion clam of Kulp and Scimlert (4) and fallout models of Macbta (21).
j Values oftiwis (20).
fi Public Health Scrvicc report (8), these hearings.

“~EXERALhrO’m-In ali calculations, the data of Dunning (3) were used for fission and fusion Yields.
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As brought out in past hearings, other qualifications and reservations, such
as the uncertainties of extrapolating data far beyond the point of observation,
lack of statistically established confidence limits, uncertainties in the use of
general assumptions where specific data are lacking (e.g., choice of shielding and
weathering factors ), and the question of distribution of individual values about
the mean, should be recognized also.

With these reservations in mind, the data in table 2 may be used to estimate
the total population average 30-year genetic, 7@year bone and bone marrow
doses, and the I “ thyroid exposure from all weapon tests through 1961. Table
3 presents such estimates in relation to natural background exposure. These
data show that the presently estimated U.S. average 7@year bone and bone
marrow doses from all tests through 1961 ( includiug the recent U.S.S.R. series)
are approximately the same as those estimated during the 1959 hearings for all
tests through 1958. This discrepancy is readily explained. The 1959 predictions
were based on the assumption that Srrnin the diet at that time was totally depend-
ent on the integral surface deposition level. This assumption led to overpredic-
tion of the 70-year doses by approximately a factor of 2. This overprediction is
approximately equal to the predicted increase in dose as a result of the U.S.S.R.
1961 tests. The 30-year genetically significant dose from tests through 1958 was
estimated during the 1959 hearings as 50 mrad.

TABLS 3.—Maximized significant ti88ue d08e8 to U.S. population from all te8t8

through 1961 in relation to natural background expo8ure

70-year
b%~d% M7~ey%w- go%%se
(miflirsds) row dose (milfirads) ‘h#;:d

(millimds) (millirads)

Natumlbackgroud . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10,600 7,m 3,Cn)o 7,000
WeaWn tests. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 673 13s1 ~175 ~649
Percentof background. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.7 5.4 5.s 9.3

I Sum of whole-body external, whole-hod y internal, Sr~ snd Sr$$exposures (from table 2).
$ Sum of external and internal whole-body exposures snd l/2.7XSr~ snd Sr~~dews.
3 Sum of short-lived tlssion product dose, internal CS$7 dose, snd 30-year integrals of C1~and external

CS13Tdoses.
~ Sum of 1131,external whole-hod y, and internal whole-body doses.

The present estimate from tests through 1961 is higher by a factor of about
3. As shown by the data in table 2, this large predicted increase is not due
entirely to the U.S.S.R. 1961 tests. Predictions made at the 1959 hearings as-
sumed most of the genetic close would come from internal and external Cs’”
and failed to give much weight to the contribution from short-lived tkion prod-
Cuts. Their prediction, therefore, was a factor of approximate] y 2 too low.
That, plus the predicted U.S.S.R. 1961 contribution, accounts for the factor of
3 increase over the dose predicted in 1959.

One other observation to be made from the data in table 3 is the rather high
average exposure to the thyroid. Although thyroid exposure was recognized
as a significant potential hazard during the last hearings, it seems to be more
significant now as a result of the rapid fallout rate of fission products injected into
the lower polar stratosphere. It should be emphasized again, however, that
the dose estimates given in table 3 are not ag~weigbted average exposures for
the present IJ.S. population. They are maxinlum doses applicable to a hypo-
thetical population that received the maximum possible dose from all com-
ponents of fallout exlwsure from all tests. It is impossible, for example, for a
child Ivho would have had to be born in the sl)ring of 1961 to r~eive the maxi-
mum 70-year SP dose to also receive short-lived fission ~roduct and 1’3’ exposure
from tests prior to the 193S moratorium,
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Dr. I..ING}IAM. The basic concepts of this problem lmve not changed
since the previous hearings. All tlmt can be added which is new are
the results of the collection of additional clata which allow us to define
some of the pi~rameters better :Il~clto nlake calculations that I think are
considerably more accurate.

The second thi])g tl~at has changed the picture since the previous
hearing is the resunlption of weapous tests both by t,l~eIJ.S.S.R. and
the United States. I will not elaborate particularly on w-hat these
improvements in clat% are in the interest of trying to get us back on
schedule, but rather I will refresh your memory to say that the
radiation effects of worldwide fallout will be due to a number of con~-
ponents. These I am sure are familiar to most of you. ‘l’he first, of
course, is strontium f)()-st rontium 89—those substances which because
of them chemical similarity to calcium deposit. in bone Produce skeletal

irr~~i%tion exposure. The next Component of worldwide fallout is
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cesium 13?, an isotope similar to natural body potassium. It con-
centrates m muscle and can therefore produce internal whole body
irradiation. It also emits a gamma ray, therefore its a~umulation on
the ground will provide whole body external radiation.

Another component is that of the external radation from the short-
lived fission products excluding iodine in this case which constitutes a
special topic. The short-lived mot.opes you have all been familiar with
m-e zirconium niobium, ruthenium, cerium, barium! and laqtlmn~.
These are gamma emitters and produce whole body imadiatlon when
deposited on the round.

7
Carbon 14 is another component of fallout,

carbon being an e ement that is the basis of all livin matter, naturally
fwill accumulate in the body and deliver whole bo y irradiation.

We have also an internal emitter of special significxum+-iodine
131—a very short-lived isotope which has the peculiar property of con-
centrating almost entirely in a single organ of the body, that being
the thyroid gland. Th~, then, are the components of radiation ex-
posure from fallout. It M my job before this panel to estimate the
population exposure from these various components as a result of
weapons tests through 1961. The population exposures are usually
estimated on the basis of the 70-year integral dose if we are dealing
with such effects as leukemia, bone cancer, life shortening. They are
usually integrated over 30 years if they are dealing with the genetic
aspect of the radiation problem. There have been a number of com-
petent predictions of the radiation exposures from these various con-
stituents. One just having been released by the Federal Radiation
Council. I can make no claims that my predictions are an more to be

{desired or any more accurate tlmn predictions made by ot ers. There
is an element of uncertainty in the prediction regm-dless of the person
who is making it.

Let us then look at the contribution in terms of -weapons tests to date
from each of these components, considering all weapons tests prior to
the moratorium in one case, and the contribution that might be antic-
ipated from the R.ussim tests in 1961, keeping in mind that such pre-
dictions for the Russian tests must be predicted on two rather tenuous
assumptions:

One, that the Russians detonated the equivalent of 25 m~~~tcms of
fission energy release, something that, I know will be demed by the
Russians.

The other assumption is that this material will fall ‘ont in essen-
tially the same way as did the material which they injected in the fall
of 1958. You hzve already hearcl Dr. Machta testify that this is not
being the case. For th~t reason any prediction which is made with re-
gard to the short-lived activities, especially, will probably be in error
on the high side because it seems that the Russizn debris is not coming
down as fast or as concentrated as one would assume on the bnsis of
their 1958 tests.

If v-e then consider these various p~rxmeters of fallo(lt exposure,
taking first the short-lived fission protlucts, this being an estimate
now. my own, based on Dr. Gustafson’s ~rork we would predict thnt 57
millirxds (70-year integral close) w-o([Ic1have been received as a maxi-
mum to the population from the short-lived activities of all past.
weapons tests prior to the moratorinrn. The Russinn tests, had they
come down in the same pattern as anticipntwl. would be about 42, indi-
cating that expected short-lived fission product exposure from the Rus-
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sian debris will not quite equal the exposure received from all past
weapons tests. Relative exposure from cesium 137, the external por-
tion of it, is predicted as 46 millirads from all weapons tests prior to
the 1958 moratorium, and 28 from the Russian debris. Internal whole
body exposure from cesium and carbon 14, from all tests prior to 1958,
would be about 22, while the total from these two sources as a result
of the Russian tests would be about 15. .

Radiation of the bone marrow from strontium 89 and strontium 90
has ‘been the primary concern in every hearing that has preceded this
one. Estimates of the bone marrow doses were made .on the basis of
Dr. Kul ‘s data on bone analyses using a 7090 computer program

Yat Los A amos. The estimates indicate that the average doses to those
persons receiving the maximum would be about 250 millirads from
strontium 90 and 8 from strontium 89 from all tests prior to the 1961
Russian tests.

The Russian test in 1961 might be expected to almost double these
numbers making a total of. about 460 rads from strontium 90 and
strontium 89 from all weapons tests to date, excluding what is now
being detonated near Christmas Island by the United Stat-

The iodine 131 thyroid dose- prior to the 1961 Russian test-to a
large segment of the children living in the population at that particular
time was estimated by Lewis as 200 to 400 millirads.

The present Public Health Service estimate of iodine 131 exposure
from the U.S.S.R. tests is of the order of 140 millirads.

Let us take these separate numbers and add them up in the proper
way to give exposure from all weapons tests to those critical organs
or tissues which have been of principal concern. Let us compare that
with the only benchmark worth comparing it with and that is natural
background.

The 70-year accumulated bone dose from all weapons tests to date
according to our calculations would be about, 670 millirads. The 70-
year dose to the bone marrow- would be about 380 millirads. The 30-
year genetic dose according to our calculations would be about 175.

The 70-year thyroid dose to children would be of the order of 650.
Now let us qualify these numbers to put them in perspective. First,

the predicted 70-year bone dose is about 6.7 percent of natural back-
ground. The marrow dose is about 5.4 percent of natural background.
The 30-year gonad exposure is about 5.8 percent of natural back-
ground. The thyroid dose to those children who had received the
maximum would all have occurred within the first year or two and
would be about 8 or 9 percent of what they would have received from
a 70-year natural background exposure.

Secondly, it is necessary to keep in mind that the estimated doses
are the maximum doses that will be averaged by the most susceptible
population. In other words, they. are the average doses to that par-
ticular segment of the population born at the right time to receive
the maximum exposure to the particular tissues, neither does it mean
that some person or persons might not receive. considerably more or
considerably less. The way the doses lmve been calculated they apply
to a hypothetical population whose thyroid, bone marrow, and bone
were born at different times. They were born at that time which
would allow them to zccurnulate the maximum exposure. That is why
we say it is a maximum avera~re. YoL~ will find these numbers are
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in some cases higher than those given by the Federal Radiation
Council., though they m-e not very much higher.

If I made the same adjustments with regard to population weight-
ing, I think we would find in most cases the numbers would be the
midpoint of their spread or perhaps near their lower limit. Let us
compare these numbers with the Federal Radiation Council numbers.
I give 670 millirad as the ‘i’O-year bone dose. The Federal Radiation
Council said 400 to 900. The bone marrow dose I gave was 380. They
gave 150 to 350. If I had adjusted my data in the same way they
did, or had applied it to a population that was born all at the same
time, I would have come out with about 270 as compared with their
250 to 350.

The ~netic dose is off perhaps more than the others. I had 1’75,
they said 60 to 130. This could conceivably be due to the fact that
Dr. Gustafson’s fallout numbers gave a little higher value than that
of the Federal Radiation Council for the contribution from weapon
tests prior to 1959.

I would think the disagreement between 175 and 60 to 130 is not
bad. Let us look at these numbers with regard to the numbers that
have been predicted before this panel on past occasions.

I have served on both of those prediction panels, and I know the
circumstances under which those predictions were made. We can
say at the present time, despite the fact that the Russians have injected
25 megatons of fission into the stratosphere that the radiation ex-
posures estimated at the present time are just about equal to what
the panel predicted in 1959 if no more tests were conducted. This dif-
ference or this fact that the situation seems to have gotten no worse
even though 25 additional megatons have been injected into the polar
stratosphere can easily be explained on the basis of the understanding
we now have, of the relative contribution of direct fallout—the rate
factor—and the soil uptake factor—integral surface deposition—to
the strontium burden.

In other words, our predictions have improved to such an extent
that we now see we were predicting approximately a factor of 2
too high in 1959.

This shows, as is usually the caso when one is predicting from a point
of lack of knowledge, he is very apt to be conservative. We were
being conservative. I think we are still being conservative because
in these numbers which I have given you are a number of apparent
factors, at least one, which I have not put in because I don’t think
it is sufficiently well established to include, and that is the possibility
that strontium 90 is becoming unavailable in the soil at the rate of
about 5 percent per year. This was mentioned by Dr. Comar. This
is not in our present calculation. ~Llt if we hold another panel in a
couple of years maybe that will be certain enough we will be able
to insert it.

I may say jokingly, if we can keep our slide rules and our pencils
working in the right direction, it may be able at that time to say the
situation is no worse even thongh there have been more tests. I :1m

saying that in a facetious mznner. Rut the situation insofar as I
can see is no worse at the present time than we were predicting it
would be prior to the Russian test.

Now I cannot say anything about the present IJ.S. testinx. It is
pretty obvious that it is less potentially dangerous to test in the equa-
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torial region than it is in the polar regions. If we knew how much
fission would be detonated in the U.S. Christmas Island nuclear test
series I think the prediction panel this afternoon could give you a rea-
sonable number as to what the potential risk might be.

But since we do not know those numbe~ there is no rexwn why we
should be expected to predict the dose commitment. I would say
that these estimates and those given by the Federal Radiation Council
might possibly be accurate to a factor of 2. It does not concern
me in the slightest that these numbers may be off by a factor of 2.
I think we are dealing with something that is so relatively insignif-
icant in the general scheme of things that a factor of 2 will make
“no difference. Besides, I wish we could introduce into the test philos-
ophy something that has been effectively interjected into the philos-
ophy regarding the peaceful uses of atomic energy.

Representative PRICE. Doctor, Mr. Ramey has a question to ask
at this point.

Mr. RAMEY. He might finish.
Dr. LANGHAM. I am just about finished.
That interjection is the concept of potential risk versus the potential ‘

gain. I for one would say that if there is any remote hope that the
further testing of nuclear weapons is contributing to the defense of
this country then the risk we are dealing with is certainly worth taking.
This is the only question that concerns me. That is, that in three
congressional hearings we have predicted or tried to predict the risk
involved. I am surprised to see that our predictions of that risk
have held up reasonably well through these three hearil?gs. The
question in my mind is, Who is evaulatin~ the potential gmn ? IS it
absolutely necessary to the defense of this country that we continue
to test weapons? If it is, then we have no choice but to test.

Thank you.
Mr. RAMEY. on your comment of being off by a factor of 2,

doesn’t concern you, -would you mind elaborating on that a little bit.
If a person is off by a factor of 2 on his bank account, say, or if he
is writing a staff report and misses by a factor of 2 he is usl~ally
somewhat embarrassed about it.

Representative HOSMER.It depends on whether the bank accou]lt is
a million dollars or a dollar.

Dr. IANGHAM. I was going to say if one was drawing a dollar a
year and his salary was doubled he would not feel very concerned
about his raise, would he ?

Mr. RAMEY. I take it, ~vhat you are saying is that these factors are
so conservative 011 the extent of fallollt and on the measures of tl]e
amount of risk if your figures ~vere off by 100 percent you would Still
not have a level thiit would really cause damage or hurt the popul:t -
tion, is that right?

Dr. 1..iXGIIAM. That is right. I would acid one other thing.
I lvally believe if they are oH, tl~e odcls again are going to be

ot~ oll tile conservative side. So 1 tllink ill the first. place \ve are
al)t to be over on the collservat ive si(le. In the second place, if \re
are Otl a factor of 2 insof:lr M t}le general healt]l of the .illleri{’a]l
people is concerned, 1 don’t think it is :1matter of concern. certtlinly
compared to many other tilings tll:lt we accept in ever~dily 1ivillg.

Represent :~tive PRICE. Mr. IIolilield, do you have mlly quest iol~s?

., ,,,,,<>,,,. . ...
,,:/,
.,:.:.
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Chakman HOLIFIEIm. I think as usual you have made a very fine
contribution, Dr. Langham. I think your emphasis on the figures we
are dealing with cannot be overemphasized. we are dealing in mil-
lions of curies and millirad measurements which are so small in com-
parison to the amounts which are considered to be dangerous by the
consensus of scientific opinion that this should bring some solace and
some comfort to the people who have not been correctly informed and
who are emotionally upset by these figures that are given. I think
this is the importance of your testimony which is as I understand
the consensus of scientific testimony in general on this subject.

As far as you know, there is no appreciable degree of scientific people
that are in opposition to your conclusion that you presented today.

Dr. I.ANGHAM. There can be very little objection to the dose cal-
culations, because it is rather amazing the uniformity one gets through-
out the scientific community in the estimation of these doses. Just as
I was pointing out the difference ?aetween the numbers I came up with
and the Federal Radiation Council, these were completely independent
of each other and they are in very acceptable limits of each other.
The real controversy comes over arguing about the effect of this small
dose, and this can be argued from the moralistic point of viewt from
the pacifistic oint of view, it can be argued from so many points of

!view. Very requently the pacifistic point of view have by far the
most vocal spokesmen. The result is that. the public is confused and
the press is confused on this question of what effect it will have.

I remember a certain Nobel Prize winner who has been very promi-
nent in this particular aspects of th@s with whom I debated on a
panel once in which his key statement was, “I am a scientist, and as
a scientist I feel as obli~lted to object to fallout if it harmed one
single individual in the population as if it harmed a hundred thou-
sand,” to which my only comment is, “Yest I am a scientist, too, and
I feel obli~tted to protect the democratic principles of one person just
as much as I clo to protect the democratic rights of 180 or 190 million. ”
It depends strictly on what one is setting as a sense of values. I hap-
pen to enjoy the right of appearing before a committee of my (govern-
ment and saying exactly what I think, and to me this is worth a few
strontium units in my m;lk.

Representative HOSMER. The line you enclecl your testimony with,
in one sense did you mean that, about the people who are evaluating
the dangers of testing, or the test dangers’? ‘The last line of your
testimony.

Dr. LANGHAM. If you can remember the last line of my testimony
YOUare better than I am.

Representative HOSMER. ‘Jle fact that your worry -was not. so ml~ch
about the dangers of fallout as it was the people w-ho were evaluating
other dangers.

Dr. LANGIIAM. It is now established if there is no threshold to radia-
tion damage then we must look upon it, as a probability of risk. This
being the case we must weigh the potential ~~in as against the poten-
tial risk. llTe can evaluate t]le risk Zlnd 1 think we can evaluate it
perhaps to a factor of 2. can we evaluate to a factor of 2 the im-
portance of further weapons tests to the clefense of this country?
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Representative HOSMER. Were you complaining about the long ex-
tension of the moratorium on testing or what? Is that what you were
implying ?

Dr. LANGHAM. No. I would just like to know, are we gain~ng
significantly by holding additional tests or is further weapons testing
essential to the defense of this country? If it is, there is no question
but what we should do it.

Representative IIOSMELL.I guess somebody evaluated it and found
it was worth while.

Dr. LANGHAM. Undoubtedly they must have.
Chairman HO~IFIELD.I am sure that the President and his advisers

looked into this matter very carefully. I was present at some of the
conferences that took place. I have also been present m executive
hearings where evaluations of the debris from the Russian tests were
analyzed and the meaning was conveyed to the members of this
committee which indicated in some instances a sophistication which
did not exist. in the 1958 test. The problem ,of defending our Nation,
of course, is involved in the President’s decmon. The President has
expressed himself more than once that he would like to see testing
stopped, that he would walk the last mile to obtain a cessation of
testing and establishment of a disarmament—a real disarmament in
the world—but lacking the progress in these fields due to what many
of us who have watched the negotiations believe to be the recalcitrance
of the Russian Soviets and their absolute refusal to allow anything
that approached a guaranteed inspection system, and in the face of
the tests which indicate capability of improvement in military capabil-
ity to attack this free constitutional government whic,h we believe in,
the President and his advisers have made this cleclsion that it is
necessary. It has not been made idly.

It has been made after a great many months of soLd searching and
the best scientific advice available. So I can assure you as one
member of this committee that the resumption of tests was decided
to be necessary. It was a reluctant and long-delayed decision. But
it was made on the basis that the security of our Nation was involved
in making that clecision.

Dr. LA~GIXAM. This was not said in the way of criticism at all. It
was saicl to imply that as far as I can see with the risk this small,
and a potential importance so great, that the President had no
alternative.

Representative PRICE. Dr. Langham, on page 4 of your complete
statement, yOLlstate that animal experiments have proved unequivo-
cally that enough strontium in the skeleton will prove bone cancer
and other skeletal pathology. YOL1also state that the amount to do
this in man is not known. What, is presently being done in this area
to give LIS this inforrna.tion arid how rnllch longer will it be to com-

plete this work.
Dr. T,ANGHAM.There are any Ilurnber of animal experiments under

way invol~in~ t,lle tumoremllic properties of strontilun 89 a]]d 90 and
radiations of other types. We may know eventually how much of this
material it takes to produce :~bone malignancy in n rat or mouse or
other Iaboratorv animal. We may never know how much it takes to

86853&62-@. 1—12



172 RADIATION STANDARDS, INCLUDING FALLOUT

produce itin a human. We certainly hope we clon’t. All we can do
is extrapolate from animal data to hLHIltHl data and on the basis of
this draw soI:>econclusion as to what might be an expected limit and
then introduce a safety factor.

I would say t,hat this information is coming out all the time. It is
in the same state as the information on oLm fallout predictions. It
gets better and better and perhaps in a few more years this number
will be able to be pinned down or at least a value put on it that
has a degree of confidence considerably greater than the present time.
put we nmy never know how much it takes to produce bone pathology
m a human specifically.

Mr. RAMEY. Tvcru]d you e]~bm-ate a little more on the hazard of
cesinm ? You have made a study of this.

Ik. L~FTGHAM.Yes. We. spent 6 years studying the cesium prob-
lem, and it is our opinion now w-e were betting on the wrong isotope.

~t turnecl out to be not very spectacular. The levels of cesium in

t.iiepopulation and in the diet is almost entirely dependent upon

the rate process which means during periods of weapon tests ceslum
activity will be high. When weapon tests cease the activity will drop
very fast, dropping with perhaps a half time of 10 months or com-
p~rahle to the fallout rate.

Mr. RAsmY. Is that because it f ails on the leaves of crops ?
Dr. LANQHAM. Yes; it is getting into the plant only by the con-

tamination of the foliage.
Representative PRICE. Thank you very much, Dr. Langham.
I understand that you will appear on the panel later this afternoon,

We appreciate your fine paper toclay.
Dr. LAXGIMM Thank you.
Representative PILICR The next witness will be Dr. ,James G. Terrill

of the U.S. Public Health Service.

STATEMENT OF JAMES G. TERRILL, JR.,’ DEPUTY CHIEF, DIVISION
OF RADIOLOGICAL HEALTH, PUBLIC HEALTH SERVICE, U.S. DE-
PARTMENT OF HEALTH, EDUCATION, AND WELFARE, WASHING-
TON, D.C.

Mr. TERRILI,. Thank you.

Representative PRICE. Your full statement will mppear in the record.
I understand you intend to summarize your statement..

~ Mr. Terrill was graduated from the Uni~ersity of Cincinnati in 1937. with a degree
jr, civjl engineering. He studied pnbllc health engineering at the Mrissachllsetts Institute
oi Technology ~,r:tdl)ate School from 19:;8 to 1941.
~uliic Health Service.

Since 1%31 he Lms been active in the
H.? Pxrticirmte+t in the first L3ikjni tests. During the Period

ISAS. .5I be stud jed rtidio]ogical defense engineering under the sponsorship Of the Armed
I-orceK SneciM \VeaPon8 projectsat the u.S. NavyPostgrnd,,ateSchool and the University
of C:ilif~rrlia ; tind received a mtister of biaradio]ogy degree from the University of Cali-
fornia. He has rmrtlcirmted in and directed the Public Health Service uctivitles related
to the .Vev: (da anh Pacific- te.t o~erat inns rturinx 195:+–57.

Jir. Terrill js a member of the Xationnl Committee on Radiation Protection, the Naclear
Standards Board (of the Anleri<nrl St;l”{l:lrd+ .\ssociati(~n: and the Exf)ert Advisory Panel
on Rtldialtion of the World IIe:llth Orgnniz:xtion.
Ac>l{lerny of Sznitar,v Engineers,

:Ind IS !I difrlomate of the Amerjcan
He is the I)ermrtment of Health, Educntion. and Welfare

rexprcsent:iti Te> 011 th~ Workin, c C,roup of the I.’cwlvT;I1R:[di;lt ion Conncil :Ind is. at Present,
Chairman. He is a member of the American Society of Ci>-il En~ineers and a member of
the I>rogr:lm .irct~ Committee ou Rndiologirtl IIe;llth of the American Public Health
.Lssocixt inn.

,.,,.

I>rmently, he is Llejrllt:r Chief of the Division of Radiological Health of the IWblic
Health Service.

Mr. Terrill lives at 0223 Quintana Dr., Burning Tree Estates, Bethesd:, kfd.
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Mr. TERRILL. Yes, sir; I intend to summarize in about 10 minutes,
a very few pzges, the development of our radiation surveillance sys-
tems in the Public Health Service, and some of the arrangements we
have with other agencies to supplement this.

The monitoring programs of the Public Health Service have been
developed as part of a comprehensive effort to assess and reduce
human exposure to radiation. The Department of Health, Education,
and Welfare has the responsibility of serving as a focus in the Federal
Government for radiation surveillance activities directed toward
measurement of exposures received by the public.

The current surveillance systems utilize monitoring techniques
which make optimal use of available manpower and equipment and
are d,esigned to yield radioactivity measurements that cnn be most
readdy interpreted in terms of the average exposure dose to individ-
uals and population groups and the possible somatic ancl genetic
effects of this exposure.

The current systems reflect the technical competence in radiation
exposure assessment which has been built up within the national pub-
lic health and scientific community in recent years; the desire of the
public to have radiation data readily available; and the necessity of
establishing screening systems to make the most effect use of available
resources.

Data on radioactivity levels in various. environmental media are
collected through a system of intradepartmental monitoring programs
conducted, to a great extent, in cooperation with State and local agen-
cies. Liaison is maintained between the Public Health Service, the
Food and Drug Administration, the .4tomic Energy commission, the
Department of .lgriculturej and the Department of Defense and their
contractors, to assure the continuous interchange of surveillance
information. September 8, 1961, soon after th~ resumption of Soviet
weapons testing, the Department of Health, F.ducation, and Welfare>
and the .4tomic Ilnereg Commission held a meeting to coordinate
surveillance activities. It was agreed that the Department of Health,
Education, and Welfare would serve as the focus for surveillance and
public information related to these activities. Specific arrangements
for coordination were made at the policy, public information, and
operational levels. Concurrently, arrangements were made for coordi-
nation with the Department of Statej Department of Commerce
(Weather Bureau), and the Department of Defense.

To carry ont the Pnblic Health Service responsibilities expediti-
ously, a Radiation Surveillance Center was established in the l)ivision
of Radiological Health early in ,September 1$)61to facilitatethe anal-
Vsis and dissemination of surveillance information. Tile center pro-
;ides immediate assessment of significant changes and trencls in en-
vironmental radioactivity levels so that. changes in monitoring
operations can be made and possible countermeasures could be fievel-
oped or initiitted, if reql~ired. T]]ese (Iata are collzted, i~]}:tl~~e{l,and
compiled in the monthly publication, Radiological Health Data. This
publication, wllicl~ is ma(le i~v:til:~ble to the scie]ltific community in
the United States and throughout the world, provides health agencies
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and other or animations and individuals working directl with radia-
f rtion, or in re ated fields of com etency, with basic radio ogical health

rdata which can be further ana yzed and interpreted to meet specific
pro ram needs.

# he assessment programs and the related research effort of the Pub-
lic Health Service in radiation surveillance are described in detail in
the later sections of this report. Each of the operational programs,
while having a s ecific objective, is in turn related to other programs.

iThese can be brie y summarized as follows:
The radiation surveillance network is the basic alerting system for

determining the levels of operation of many other surveillance activ-
ities. The network measures ross beta radioactivity of particulate
in air and precipitation; sam F

d!
ing is done by the State health depart-

ments throughout the IJnite States. Within the Division of Radio-
logical Health, data from this system are used in the general planning
of sampling schedules and surveillance activities of other monitoring
networks. In addition, the data are made available on a daily basis
to other agencies of Government, includin the Atomic Energy Com-
mission, the Department of Defense, anCFthe Weather 13ureau for
use in their respective programs.

This alerting system is particularly important since Soviet weapons
testing has become a major factor in radiation exposure from fallout.
The first reliable information available to health agencies relative to
the possible ma~itude of the Soviet fallout is provided by this SyS-

tem. The requmement for continuing operations is thus greater than
it is when the U.S. testing programs are the basic source of radioactive
fallout, and knowledge concerning the magnitude and duration of the
testing program is thus available to the Public Health Service.

The pastuerized milk network measures radioactive iodine, stron-
tium, cesium, and barium in milk sxmpled at 61 stations representing
major metropolitan areas in the United States. In total, the samples
collected reflect the milk consumption of about 60 million people. It
is believed that radioactivity in milk is presently the best single in-
dicator of the significant elements from fallout which can be quickly
measured and translated into exposure data for comparison with the
guidelines established by the Federal Radiation Council.

During the weapons testing moratorium, monthly samples were
taken at each sampling station for analysis of gamma emitting iso-
topes—particularly iodine 131, and for mdiochemical analysis of
strontium 89 and strontium 90. Since weapons testing was resumed,
weekly samples are collected when minimum fresh fallout is expected.
When the gross beta activity in air or other indicators suggest that
appreciable levels of iodine 131 can be expected, the sampling proce-
dures may be stepped up to a semiweekly or a daily basis. The
greater number of samples thereby obtained facilitates the comparison
of average population exposure with Federal Radiation Council guicle-
lines. “

The institutional diet sampling program is being developed so that
we can assess more accurately the. daily intxke of radionuc]ides by
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placing emphasis on the fundamental relationship of radiation ex-
posureof total intake rather than on a specific item inthediet, such
as milk. Presently this system is in the developmental stage and in-
cludes 21 locations. Data on the dietary intake of radionuclides are,
in turn, related to radioactivity levels re orted in pasteurized milk.

\Supportive programs: In addition to t e radiation surveillance net-
work, the pastuerized milk network, and the institutional diet sampling
program, which are used initially to evaluate dietary intake, there are ,, ,,,, , ,~:;. ,,, .
several supplemental programs within the Department of Health,

,. ,..,i.,,.:.:.,.:. ;;$,,.,,.,:>,:,.,.,,..

Education, and Welfare which serve as a basis for study of the ‘“~~ ‘

,,{:,(.:,::.:,,,;,:,;, ,:.:;: i::.,:>,;;,.:..i..i:(:+::;;::... . . . .. ,’. ,~,. .,

vectors-air, water, and foods-b which radioactive materials reach
man. These programs are the 6 onsumers Union study, which will
be described to you by Mr. Michelson; the national air sampling
network, which is operated by the Division of Air Pollution of the
Public Health Service; the national water quality network, which
is operated by the Division of Air Pollution of the Public Health
Service; the national water quality network, which is o erated by the

xDivision of Water Supply and Pollution Control; an the dr~nk~ng . ..
water analysis program, which is operated principally by the Dmslon i&-:s#~**:~:;l**{$.i*f.~,:.>,’,, “’~‘~+rtilif$!?}f;.1.+i,,:,:;.;t;,+,..,,,..~~,,jf>,~l{;<.+~f~:$,? ,.

of Environmental Engineering and Food Protection. They carry out
the field activities associated with these efforts with their staff and
with the State and local health, air, water pollution, and waterworks
authorities concerned.

The Consumers Union activity is financed by a direct contract with
the Division of Radiological Health, but the other networks merely
look to this Division for laboratory support.

An exception within the Department is the Food and Drug Ad-
ministration activity which is carried out entirely by that agency.

In addition to measuring the levels of radioactivity in environmental
media, an effort is also being made to determine, through research and
biological surveillance, the levels of strontium 90 and other radio-
nuclides in the human body. This particular activity is an extension
of the work of Kulp and others which has become a. Public IIealtn
Service *et.irity through an understanding with the. Atomic ~ner~w’
Commission. ~amples” of hlunan bones are being c.ollectecl a~}d will
be correlated on the basis of age, sex, height, and data and place of
death. These data should be ve~ useful ]n developing stmdarcls for
environmental radioactivity and m making !>rojections of intake :tncl

exposure,
As surveill ante data. reveals significant amounts of iocline 131 in t!le

environment? s~ec.ial studies have been and will be nmde to deterl~iine
the levels of lociine activity in man for tlw l)urposes of assessi~!g 1)um:ln
exposure to this isotope, - Rncl plannin~. anrl i f necessa! ’y, Initiat ing
counter measuies. This information will also be useful m developing
environmental protection standards for radioactive iodine.

These onerntional activities are supported by three region~] lalx)ra-
tories, a la%orat orv quality cent rol s~ktenl, anti research and i il vest iga -
tive programs wliich are clescribe(] IIInlorc (letail in tile bod~!, of this
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report. These include, for example, development of ‘improved methods
of sampling and more rapid methods for determination of strontium
90. Investigations are also being made of the factors contributing to
the occurrence of high levels of radionuclides in market milk. It is
hoped that the research leadin to the establishment of indicator feds

Pand the compilation of basic ood consumption data will enable us to
obtain more accurate estimates of the total daily intake of radioactive
materials within the most important population groups.

Some of the more significrrnt findings of these symptoms have been
described by Dr. ~hadwick, as indicated by the schedule. On the
basis of past experience, these hearings generally, as well as your com-
ments and questions on this present atlon, will be valuable to us in plan-
ning future activities.

Representative PRICE. Thank you, Mr. Terrill, for your fme state-
ment. W6 appreciate having it.

On the first page of your summary statement you state that liaison
is maintained twtween the various pertinent Federal agencies to assure
the continuous interchange of surveillance information. Will you tell
the committee how this is organized and how communications are
affected !

hr. TERRILL. Sir, the basic system on which we are operatin at the
fpresent time dates back to a meeting on September 6 shortly a ter the

Soviet weapons testing began. It was agreed at the policy level
between the iltomic Energy Commission and the Department that
.klr. Dwight Ink, Assistant General Wmager, would serve as the policy
coordinator for AEC? and that Nlr. Jones, Assistant Secretary for
Health and hledical Affairs of our Department, would handle policy
matters from that standpoint. Operationally, Dr. Woodruff, of AEC,
and I were, designated to maintain liaison. On the day-to-day basis
our respective radiation surveillance centers are expected to keep each
of us up t.odate as things come in.

Representative PRICE. You state that, sampling is done by the State
health departments. What, technical staffing do these departments
have ancl IIow well equipped is the instrumentation and machines?

Mr. T%,RRII,I,. ~TTithregard to these particular sampling programs,
the States zre given air samplers. They are also given standards that
they can use to measure the radioactivity on the filter pads. We in
turn check the readings from the filter pads and thus mxintain uni-
formity throughout the country. .Some of the States, I m]ght say, are
probably just as -well equipped as we are to carry out all the measure-
ments. (Mher States have very little in the way of equipment and per-
sonnel. We try to maintain a uniform system within the sllrveillance
system regardless of the capability of the individual States.

With rqgard to the milk, it. is simply a mntter of State representa-
tives picl{lr!g up the samples from collecting stations which meet the
basic criter]a which have been establishwl for the network. They may
and in mfiny cases make zdditiona] samp]ings but thes~ are not shipped
to our laboratories and analyzerl.

Represent ative I}RICE. T)r. (l~a(lwick state(l this morni]~~, an(l you
state ill your paper, thzt milk is the best sinxle indicator ot si,~niticant
elements from fallmlt ancl c:~n l)e q~lickly meas(lrwl. H(JIYs(mrl after
taking tl~e milk sample can it be completely mlmlyze(l ?

...
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Mr. TERRILL. At the present time it takes about 6 weeks to 2 mo~ltl is
depending upon the levels of strontium 90. The limit{n~ L:,ctvr iu
our laboratory system from a time standpoint is the rnetlm-i t II,~t w.}
use to measure strontium 90 at the present, time.

Representative PmcE. lV’hat le~al authority, if my, d.c~; tha llth~i ~
Service have to stop the consumption of milk in the event that ti~ay ti~~a
excessive amounts of radioactivity from fallou~ i

Mr. ‘rERRILL. lVe have not come to that. lVe hope we don’t @ to
that particular point in any of our activities The way this undoubt-
edly would be done, if it should become necessary. is thro@l advi,,ing
~he States. The action would have to be iaken’ by the ~~ta~e lie’~~tfi.
departments or the State agricultural departments which. mty k.aw
jurisdiction in some specific case. .4s fm as interstate sltipment of
milk is concerned I believe, and I wouId be willirlg to stand corrected,
that tl~eFood and Drug Administrate ion would lmve to act if this tj-pe
of action became necessary.

Representative PRICE. You mention the institutioi~zl diet mn~<l;:,:
program on pages 14 of your statement. “WOtlld YOU tell t [is u)~l~-
mittee how this will be carried out?

ihfr. T~RRILL. This, sir, is an attempt to get a direct measnrcnmn~ of
the total intake in a represent i~tive grollp that might be tiffectcd 1~~
these radionuclides. I~ogisticxlly we have the problem of eitl!er try -
ing to measure all of the foods for radioactivity or tning to pi,~k cein-
resent ative diets from a poplllat ion gronp th:,i, migh{ be most a!~ected
in a significrmt way. We have chosen a:. 3 developmental projwt [o
take our snmples from institutions w-hich we feecling teenage boys as
being a representative way in which to do this. TheI1121YW,,1[12Lill,
of these food samples are made at o~lr surveillrukce liLbOIltrOrl~5.

Representative l?RICR. lrou tnlke(l :~bou! developing iinprovecl iuct *?-
ods of stmpling and a more rapicl method for the determin:~tion oi
strontium 90. Is this type of w-ork being {lone in colhtbora. tio~lu-i~~1
other Federal agencies ?

Mr. TRRRTLL.Yes, sir.
Representative PRICK. Which asencies ?
31r. THRRrLL.All of our work at t]~e ]21kJ1’~tOI’~ ~~ re~ wi~hotlt :LIIy

part icular effort on our part is a matter of roll aborat ion bet weell th(~
AllCl, Department of Defense, and others. I would wly that tile ]nosr
.Ictive group in this tlelcl in other agencies :lt the present t ime is t’ ].:
Health znd Safety I~aborat ory of AE(’. Bllt I am ceilaill there arc
many other cent ract ons in the ;Itmnic energy resea r~>l~f)rogt’:ll~i Jvho
zre contributing instrumentation znd idws and that prol):~bly tilt:
Health and Safety T,aborntory merely selves as itftotl~s for tl~eiLef~{}rt.

Represe.ntat ive PRICE. hr. Terrillj if the comnlittee ~sks y{o(~for t}~e
recent report of tlle hTntional .Idvisory ~ornn~ittee on Rad lilt ion :Illcl
referred to section 202 of the .itornic F.nergy .f et which req’.l iws Fed-
eral :~gel~citw to keep tlw ,~oint (’ol~!nlittw fully an(? c{lrrmt IJ ~II-

formetl, ljolIl{l tbe Pllblir ITe:lll 11%rvicf sll~>~,lythe r~~)(,rt?
~[r. Tr?mrrr,r,.of co[lrse 1 c:l~~”~s[w~lk f{+r t[l!>] ~;l};lil, IT(w;rll ,$(-1.,,1(.!’.!.

‘1’lle ikdvisory C’ommit tee, ,v:,s i,skwi ?,) (ol!si,l:r rile (Ttrrei$ l(-(e! f)i
radioac[ivit~ that we wele fi?ltlill,~ (11,1.i]]g tile .% Yii, ( it?+! : ;n Ilk? liylli

of tl]e Fe(leral R:~di~tioll (yolll~(,il ~u(l:njlce :(]1({ ill tile li~ht of t’i~e l[~~itl
and pnblic ITsponsihi]ities that tile I’(lblic Ile:Il{h %rvicf> miyllt Il:lvc.
They have (Ieveloped suc]~ il rel)orl, :Ln<l I l~nderst:lntl that its is-
suance is under consideration within t]~e :!(ln~i:]istu~tion.

i
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Representative PRICE. The issuance to who? It has already been
leaked.

Mr. TERRILL. It may have been leaked but I am not familiar with
how this was clone and I am not familiar precisely with the length of
time it might take to have the report published. I understand that
everything is not issued when it is leaked.

Representative PRICE. We attend many executive sessions on the
other committees of Congress, not so much on this one, and, I am sure
that the leaks do not come from the committee. But by the time we
get to our office we read the full account, of the incident in the news-
paper.

Representative HOS~ER. Possibly the gentleman behind the -witness
could elucidate for LW.

Representative PRICE. But that is neither here nor there. Does the
report as far as you know give pertinent attention to the surveillance
program znd colmtermeasures ?

Mr. TERRILL. I would say the three basic things that it is concerned
with are surveillance, assessment and possible countermeasures and
some of the consequences of countermeasures. These things are not
exactly a one-way street. As Wright Langham pointed out, with
regard to the weapons testing as a whole, it. is not as simple as stopping
IJ.S. weapon testing when you are considering the national interest
and the lack of control over testing by other nations.

Representative PRICE. Mr. Ramey, C1Oyou have any question?
Mr. RAMEY. On page 11–5 of your statement ~OLI mention the St.

Louis study. Are reports available on the first two phases of the
study 1

Mr. TERRILL. Reports on this study are available. If you wish LISto
supply yOLIwith those I &m certain they can be supplied.

Representative PRICE. They should be supplied for the record.
Mr. TERRILL. l-es, sir.
(Reports of the St. Louis area study are on file with tl~e Joint

Committee.)
?&,’. ~AMEY. ITa17c any Sifllificnnt iinciings come oLlt of those

reports ?
Mr. TERRILL. 1 would prefer, sir, to supply N summary to the com-

mittee. 1 mav iust give some ofl%and ~emark that would not stand. .,
up on further reflecti&.

Representative PR~c~. Do you wxnk to n]ake my comment on that
St. Louis report ?

Mr. TERRII,l,. I believe it would be i~, tlm best iilterests of the corn-
mit tee if I didn’t, confllse tile issue L~lt pmvi(lccl the report and a
statement of the significant findings.

Repmsentxtive PRICE. Thank you.

M~”. Terrill is on the p:~nel and 1 doubt he will have the information

before the Panel, but k)efore tl~e l~e:willgs are concluclecl.
Mr. ‘rF,I{RII.L. l’ou Cilli rely 0!1 it.

llepresentat i-,-e PRICE. ‘ll}:t, ~k ~UII very ml~eh, Mr. ~errill. TVe

appreciaio lulvit~~~ j’f)IIr fiILe f,tar~li:e~l! i~]i~l \,alual>lc contril)ut ion to

tl~e ~learin~.

Mr. ‘rELLRII.L. ~hWlk YOU ii]].

(Mr. Temill’s statement a,,{1 sv.l)portil!g data follows:)


